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INTRODUCTION 



This manual has been p- epared for use by Peace Corps Trainees 
arid Peace Corps Volunteers as a resource in gaining understanding and 
knowledge of basic irrigation principles arid practices. It is intbrided as a 
practical handbook which can be Understood by the getier^list. Subject 
areas have freen limited to those observed as being of most frequent con- 
cern to Volunteers in their project activities in irrigation in agricultural 
programs abroad. — 

Many of the irriE;ation problcnris , exercises, and equipment des- 
criptions have been developed frorri on-the-job experiences Volunteers. 
(Dthers have been included e.s a result of field observations rnade by 
Development and Resources Corporation's staff. 

This manual is designed to convey insights irito baaic irrigation 
practi ^es and techniques. Primary ennphasis is given to providing expla- 
nation and illustration of irrigation practices as they are affected by soil- 
plant-water relationships. Care has been taken to rhaKe the content 
realistic and meaningful and presented with as non -te chnical a vocabulary 
as is possible. 

The rnariual, to be most Useful, should be used during training as 
a teaching guide and instructional tool. Whil*- the raanual provides useful 
ciiarts , drawings, structural diagrarns and other meaningful inforn^atibn , 
it is recognized that some of the material presented would be meaningless , 
or at least inadequately understood, by the average gener;Sl-5^t br by the 
individual with no previous irrigation experience • Wh n the manual is 
utilized as ah integral {-art of a training program iii which trainee^ are 
being prepared for work in irrigated agriculture , and the material con- 
tained herein is presented and explained to trainees by c^ualified irrigation 
sp>ecialists , the rnanual can and will continue to be a valuabie referen::e 
source for the Volunteer in the field. 

Each of the principle units of the manual is complete 3:nd sub 
stantially self-contained. Topic :overage is sequential but does nbt 
preclude each unit being used as a review or as new tna-terial . With the 
aid of this manual, during arid after tra^ining . a Peace ^Orps Volunteer 
should be able to apply the principles arid procedures of acceptable irri- 
gation practices on the farm for increased crop production to almost any 
irrigation problem he mdght encounter during his service abroad. 



this manual has beeii prepared and is designed to provide close 
correlation between 'theoretical presentation of irrigation principles and 
the practical applicatjon of such principles . Trainers using this manual 
must necessarily keep in mind that practical application by the trainee of 
the principles presented is a prerequisite to Peace Corps trainee vahder- 
standing of irrigated agriculture . To accomplish thin task in a training 
program, the training site will need to provide adequate land (at least 
five acres for a program having 40 trainees), sufficient Twater- to provide 
appropriate amounts for the ci^ops gfown, and sufficient and appropiiate 
tools to accomplish the degree of sophistication required in a particular 
program. As is illustrated in the manual, however, it is extremely 
important in the instruction of irrigation principles and practices to Peace 
Corps trainees to continually ernphasize that in tiie. de velbping countries -- 
indeed, eVen in the United States - -large amounts of expensive irrigation 
equipment are not th^ only answer to doing a better job in increasing 
agricultural production. Good water control and management most often 
are of far more benefit. 

Control devices, irrigation equipment of ^'arious kinds , etc. , 
are only the tools of Water management. What each Peace Corps trainee , 
who is to be involved in irrigated agriculture , must come to rerJize is 
tiiat the right amount of water applied at the right time will prodqce the 
best Results . This manual has been designed to help hirn gain that under - 
s tanding . ' 

Development and Resources Corpoi-ation sinc^ely hopes that 
Peace Corps Volunteers will find this manual a usq/ul wo;!;king tool and 
helpful in their project activities. 
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UNIT A - IRRIGATION PRINCIPLES 



I. IRRIGAT ION ^ A DEFINITION 

The productibri of crops , arribrig other things, is dependent upon 
snch climatic factors as temperature range, length of the growing season 
and the arnoUnt, freq^uericy and distribution of rainfall^ Man in his endeavor 
to cbntTOl tl:c variable aspect of , these factors discovered that the moisture 
rie . I3 .0 ^fowing plantb : vvid be supplied by the application of water. This 
knowledge enabled man to bee o r.e independent bf the vagaries bl n^x 'ral 
rainfall fr^^quency and en^ab^ t : .m to grow crops in arid and serni-arid 
regionp v/here soil cbnditicas and other clirnatic factors are favorable to 
the grovvth of a particular t'/yiO of crop. The applicatibri bf water to sbil 
for the growth of plants is kiiown as irrigation, >• 

irrigation has been practiced by man since early recorded history. 
Egypt claims to have the oldest dam, a structure 40 feet high and 355 feet, 
long erected over 5>000 years ago. An As Syrian Queen , befbre 2000 B.C., 
diTPcted her government to remove water from the Nile River for the growth 
bf crops . This canal is still in use today. 

There are records of irrigation having been practiced in China 
ovoT 4,000 years ago. King Yu of the Hsia Dynasty was^ elected king 
becaase of his outstanding work in water cbritrbi. The Tu -Kiang Darn 
wa^> built by Mr. Li during the Chin Dynasty in 200 B.C. and continues 
to irrigate 500,000 acres of rice. This Grand Canal Used for navrigation 
and irrigation is some 700 miles long and was built between 589 and 618 
A.D. 

in Asia Minor, a great civilization existed in the valleys of the 
Euphrates and Tigris Rivers. The remains of a large canal 400 feet * 
wide, 30-50 feet deep arid 250 rniles Ibrig still exists. This canal is be- 
lieved to have carried ten firnes the volume of water bf the River Thames. 
M^ny thebries have been advanced to explain the decline of this civilization. 
Arnong the suggested possibilities are the lack of sufficient water, pbor 
soil management methods, invasions, and the use of slave labor to run 
the farms . 

There is also a record of irrigation at an early date in Ceylon 
and India . 

The Spaniards reported the presejice of water storage and con- 
veyance structures in Mexico and Peru. Cbrtez repbrted irrigated areas 



in Mexico. The early missianaries brought theii^ knowledge of irrigation 
from the Mediterranean cduritries to Mexico and the Southwestern United 
States. 

The first recorded large scale irrigation system in the United 
States w^^ established by the MdrmdnS as a cooperative project in thie 
Salt Lake Valley in 1847. 



2. iRRIGATION METHODS 

Water is applied to soil in a variety of irrigation nnethods each 
of which has some advantages and disadvantages. 

Flooding 

Field flooding or \vild flooding is the^simple st method. It involves 
merely releasing water from head ditches. This method is gero-a) y c:n\ 
ployed when the field is quite irregular and a large stream of water is 
available. It is best suited to the prdductibri of forages and smaii grains. 
Best results are obtained if some land leveling is performed before the 
initial irrigation. 

Border Method. 

The border strip method is a modified field flbbdirig^ system in 
which small levees or dikes , called borders , run down the slope of rKo 
\field in the direction of water movement. This partitions or divides the 
held at right angles to Sie flow of water. Generally, a cross slope of 0.2 
foot per 100 feet is disregarded. At this point it might be well to d^■?fin« an 
irrigation slope. This i^ usually understood to be the amount of <"aU pi r 
unit length of strip. Thus , a strip that hp»s a drop or differ eric e m . ""-va - 
tion of 1 foot per 100 feet of strip is said to ^--ve a one percent slop- 
In designing a border sjrip system a number of factors must bo 
considered such as the crop to be grown , tSe type of soil , aind the slope 
of the land. A narrow strip width will ciit down erosion as less water 
will need to be released and there is less tendency for the water to chari - 
nelize. The length of the strip is determined by the type of soil, the 
percentage of slope, and the amount of water available iri this head ditch. 
Ordinarily, the length of a strip on a medium textured soil i^ about 1,000 
feet. Sandy soils should be irrigated iri strip^^-. 200 to 300 feet long. Clay 
soils with a low intake rate should be irrigated very slowly iri strips of 
2 ,000 feet arid more . The entire length of the strip under the same soil 
condiBons should carry approximately the same percentage slope. 

The width of the strip depends upon the steepness of the irrigation 
slope, the amount of cross slope, and the size of the irrigation stream. 
Because large streams of water tend to channelize more rapidly on steep 
slopes and thus accelerate erbsibri , it is advisable to keep the strip widtii 
narrow. For slopes ranging from 0.4 to 0.5 percerit, strip widths from 
20 tb 30 feet are recommended. For greater slopes , a maximum vv^. I'/n 
of 15 to 20 feet is best. Ori slopes bf 0.15 to 0.3 percent, widths ap to 
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100 feet or mS^e can be used. The cross _slope should not be greater than 
0.2 to 0.3 foot since strip widths will be determined by this factor. For 
example , a cross slope of 0 . 3 would determine the strip width of a field 
with a one percent cross slope to be 30 feet. The amount of water avail- _ 
able fbr irrigation may also determine the width of the strip to be irrigated. 
For example, if 250 gallons of water per minute are available to a strip 
that requires 10 gallons per minute per foot of width, the width of the strip 
to be irrigated will be 2 5 feet. 

The border strip method is most often used in the production of 
forages and small grains . 

Furrow Irrigatibh 

The furrow system differs from the flood and border strip methods 
in that water does not flow over all of ihe surface soil. When furrows are 
used, only one -fifth to one -half of the surface is wet. The furrow method 
can be used on slopes too steep for the flood or border strip methods. 
This meSiod is used for the production of row crops such as sugar beets 
and corn. A variation of the furrow method is the shallow furrow or cor - 
rugation method. Corrugations are employed in the production of gram 
and forage c^ops . Corrugations demand a fairly level cross slope. 

Furrow lengths vary from 100 to 1,500 feet. Slopes of 5 to 10 
feet per 1 000 feet of furrows are advisaMe. Excessively steep furrows 
result in s'bil erosion and excessively deep percolation at the upper end of 
very long furrowi . The distance between furrow^ i§ regulated by tJie type 
of crop grown and the lateral movement of water between furrows. The 
depth of the furrow also depends upon the root zone of the crop. ^ For exam- 
ple , furrows 8 to 12 inches deep can he employed in orchards while a depth 
of 3 to 5 inches is sufficient fbr sugar beets and similar crops. 

B? ST^^ Irri gation 



Basin irrigation is the t^aditibhal method used in many under- 
developed regions of Asia and the Far East,. This method has led to many 
serious problems, it consists of running a relatively large quantity of 
water Into an almost level area surrounded by levees and allowed to pene- 
trate into the soil. Land suited to this type of irrigation is rather level 
and has a definite drainage pattern. It is useful when soils such as clay 
v/ith a low intake rate cannot take in sufficient Water during the time a^ 
now runs over it. In sbme regions where stream flows are erratic an^d 
large amounts of water need to be utilized in a short period of time , the 
basin system is ideal. 



in the Far East, entire mburitainside s ai^e occasionally terraced 
arid converted into rice paddies . Spillways perrhit the water to flow from 
one terrace down to another. 

This method of irrigation has led to many serious problems . 
There is a tendency to over irrigate , land is eroded quite serioiTsly , and 
salinity often tittles becomes a problem. Where double croppirig is prac- 
ticed, the second crop is often irrigated iii the same manner as a rice 
paddy with a resulting decrease in yield because of tod much water. Water 
may be in short supply during the second or short growing season. Careless 
irrigation practices may bring 'ibbut a shortage of water towards the end of 
the growing season, resulting in smaller yields, than if more efficient 
methods, such as furrow irrigation, had been used. 

Soil salinity often becomes apparent after several years of basin 
irrigation when drainage facilities are not adequate and the water table hat- 
risen. A change in traditional irrigation practices rnay help to alleviate 
these prbblerns . 

Sprinkler Irri ga.tion 

The application of water to the soil in the form of spray , somewhat 
similar to rain, is known as sprinkler irrigation or splririklirig. This method 
of water applicatibri was first used about 1900 in humid regions as a supple- 
ment to rainfall. With the advent of lightweight aluminum pipe , widespread 
availability of cheap fuels and electricity, and more efficient pumps , the 
number of sprinkler irrigation systems has greatly increased. There are 

a number of advantages arid disadvantages of sprinkler irrigation that 

should be considered. The conditions that favor sprinkler irrigation are: 

1. Less total water is required than with other methods due to 
higher irrigation efficiency. 

2 • Gan be installed bri uridulatirig land that is too costly to level. 



3. Ari even distribution of water is obtained. 

4. Can irrigate soils too porous for good distribution by surface 
rhethods . 

5. Effective on shallow soils with a topography which preverits 
prbp'er leveling fbr surface irrigation. 

6. Labor costs are generally lower. 
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7. Can irrigate steeper soils with less erdsioii hazard; 

8. Watir measurement is easier with sprinklers ffian with 
surface rriethbds . 

9. Srnall quantities of water can be^ applied frequently with 
greater ecse than other methods. 

There are also a numfeer of disadvantages that should be con- 
sidered. They are: 

1. A rather high cost of initial installation. 

2. Some water is lost due to evaporation and wind. 

3. The removal of spray materials from foliage; 

4. The cost of power to provide pressure must be added to the 
irrigation cost. 

5. Water falling on the soil surface may cause crusting, thus, 
decreasing infiltration rates. 

6. Moistening the foliage may increase the incidence of disease 

Sprinkler systems are also utilized for frost protection and ferti- 
lizer application. Sprinkler systems have been used for many years to 
protect berries, Vegetables, citrus, and almonds from frost damage. In 
the case of trees in cold climates, care should be exercised so as not to 
break limbs with ice accumulations. Soluble type s of fertilizers can be 
injected into the system and he applied quite uniformly over the land 
surface . 

Three general types of sprinklers are used, namely fixed nozzle 
perforated pipe, and rotating sprinklers. The fixed nozzl^ M attached 
rigidly to the pipe and parallel pipes are installed about 50 feet apart on 
posts Perforated sprinkler systems are generally used m or chards or 
nurseries. They do not cover a very wide strip. The rotating sprinklers 
are the most popular because they supply water at a slower rate using a 
relatively large nozzle opening. The large opening is an advantage where 
waters containing silt and debris are utilized because less stoppage of 
sprinklers occurs. For rotating sprinkle rs , pressures normally rango 
from 30 psi (pounds per square inch) for the smaller sprinklers to over 
100 psi for larger units. 
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A sprinkler system consists of Sie sprinkler, riser pipe, lateral 
distfibutibh pipe > and nnain line pipe in addition to the pumping plant. The 
sprinkler systems are generally classified as portable or semi -permanent . 
The serni -permanent system has the main line buried and the laterals and 
sprinklers remain fixed during the irrigation season. With the portable 
system, the laterals and sprinklers are moved after each individual irri- 
gation . 

The success of a sprinkler irrigation system depends on the correct 
design and efficient bperatibri. The basic irifdrmatidri used in designing a 
system comes from the soil characteristics, water supply, climate, and the 
crop to be irrigated. Soil characteristics include soil texture, depS , per- 
meability, and available water holding capacity. Water iiifdrmatidri includes 
the location of the water delivery point in relation to the field to be irrigated, 
the delivery schedule df the water, and the quantity of water available. Crop 
information includes the root zone depth, maximum water use per day, arid 
a knowledge of the growth stages of the crop. Climatic data includes natural 
precipitation, wind veldcities arid directions, temperature, and humidity. 

Water should be applied at a rate where high efficiency in regard to 
iritake arid distributidri is dbtairied and no runoff occurs. The design should 
allow for the peak water use demands of the crop duririg its grdwirig seasdri, 
and for unavoidable losses such as deep percolation, evaporation, and inters 
ceptidri by the above ground parts of the plant. 

Sub s urface I rrigation 

Subsurface irrigation involve s the application of water directly 
under the soil surface. Conditions that favor subsurface irrigation are a 
highly permeable sandy Idam dr Idam surface soil, an impervious subsoil 
at a depth" of six feet or more , and uniform topographic cbriditidris with 
moderate Jjopes . in the San Joaquin -Sacramento Delta country of California 
large tracts bf land are 2 to 10 feet beldw river surface which is controlled 
by levees. Irrigation water is siphoned bver the levees and distributed iri 
chanriels_td ditches which are 2 to 3 feet deep and about 150 to 300 feet 
apart. This arrarigerhent prdvides adequate water to irrigate small grains 
and root crops . 

A majbi- hazard invblved iri subsurface irrigatiori systems in hot 
ciiniates is the alkali condition that develops fronn the upward capillary- 
water fldw frdm a shallow water table. 

Subsurface irrigation is generally restricted tb areas havirig a 
particular combination of factors. 
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TABLE 1 
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COMMON IRRIGATION METHODS AND THEIR APPLICATION 




Basins 



Borders 



0 

I 



Close growing crops 
and rice on flat land 
with sandy soil. 



Forage crops or grain 
on uniform slopes up to 
3%; establisjed pasture 
on uniform slope up to 
h%. Best adapted to 
light soils. 



Conservation Featuias- 



Provides good control of 
Wcter applied. Good for 
alkali control. 



Provides uiiiform wetting 
and efficient water lise. 
Utilizes large water 
streams safely and thus 
less time is required to 
cover area. 



Problems^fthd Limitatifms— 

Accurate land ieveSng is 
generally required. Border 
ridges may interfere with 
movement of farm machinery. 
Special provisions must be 
made for drainage , 

Topography liiiist be fairly 
ievei or soils deep enough 
for adequate leveling. The 
available stream must be 
large enough to irrigate a 
border stiip of practical 

size. Alight irrigation 

may be difficult to apply 
efficiently, 



Corrugations 
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Close growing crops on 
sloping land with soil to 
take water, Extreme 
care is needed in apply- 
ing water to slopes of 
more than 2%. 



Provides uriifbrm wetting 
and prevents erosive 
water accumulation on \ 
land too rolling or steep 
for borders or basins, 
Makes use of small 
streams. 



Labor requirements are 
high. Irrigafioii streams 
must be carefully regulated. 
It is not well suited to 
gentle slopes, Rough 
field surface makes 
machine operation ^ , J^j 
difficult, 
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TABLE 1 (continued) 



Page 2 of 2 



Adapted to 



-GonseTMtioiLFeatures 



Problems and Limitations 



Fuftows Row crops , truclc crbjss , 

"orchards , vineyards , arid 
berries on gentle slopes 
with all but coarse 
textured soils. 



Sprinklers Nea ;ly all crops on any"" 
irrigable soil except in 
very windy hot climates. 



Provides rib cbiiservatibh 
features unless furrows 
laid on nearly level land 
on Sie contour and water 
applied with extreme 
care. 

Provides uniform wetting, 
eliminates erosion, and 
gives high water use in 
most places, 



Cbiistructibii arid iriaiiiteriarice 
of Se furrows is. expensive , • 
Larger streams than neces- 
sary must be applied to get 
water to advance rapidly. 



Wind distorts sprinkler 
pattf^rris arid causes uneven 
vater distfibutioh. k 
stable water supply is 
needed for ecbribmical use 
of equipment. Water must 
be clean and free of debris. 
Requires highest initial 
investment. 



Cbritrdlled Close growing crops 
flooding on rolling land; pasture 
sod established by 
corrugations or 
sprinklers. 



Provides water control 
and fairly uniform wet- 
ting where land cannot 
be used for other 
methbds . 



Irrigation efficiency is 
generally low. Small 
streams are not easily 
used. 



(S.C.S. Inf. Bui, No. 8) 
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3. THE SOIL AS A RESERVOIR FOR WATER NEEDED BY PLANTS 

The soil acts as a reservoir for water needed by plants. About 
one -half of the water that is in the soil when it is saturated moves down 
through the large pores Sirough Sie root zone and is* lost insofar as plant 
use is cdricisrned. This water is known as gravitational water. 

Approximately one -half of the water that remains in the soil 
(one -fourth of the total water) is available to plant roots arid is known as 
capillary water. This water is free to entc r plants and be utilized for 
growth processes and transpiriition . 

The remaining one -half of the water that remains in the soil is 
held so tightly to the soil particle, that it is unavailable to plant roots. 
This water is held with a force greater than 15 atmospheres of pressure. 
That portion of the unavailable water held by forces of 15-31 atmospheres 
of pressure io known as hygroscopic watisr . 

When all of tiie pore space of a soil is filled with water , it is said 
to be saturated. The point where drainage ceases arid the maximum amburit 
of water is retained in the soil is known as the 'Afield capacity*'. Field 
capacity exists under approximately one-Siird of an atmosphere of pressures 

Since the function of irrigation is to provide water to the soil for 
tdie use of plants it is well to examine the soil. A typical soil c in be 
looked upbri as a three phase system consisting of apprb^draatel/ brie - 
half solid material, one -fourth gas and one -fourth liquid. The solid 
phase consists largely of inorganic materials known as sand, silt, and 
clay rarigirig iri size frbrti 2 mrri. tb less than 0.002 mitl. Sand particles 
are the largest (2.00 mm. -0.05 mrh.) in size and consist mainly of 
quartz. Sand has a gritty feeling when rubbed in the hand. Silt particles 
(0.05 mrri. tb 0.002 rtim.) have a velvet-like feelirig tb the hand while 
clay (less than 0.002 rhrri.), is the smallest size fraction and has a sticky 
feeling when moistened in the hand, in most soils there is also a small 
pbrtibri of brgariic material. 

The various size fractions of the soil are mixed into different 
cbrribiriatibris called soil textures . For exarnple , a sbil texture _such as 
loam consists of 28-50 percent silt^ 25-52 percerit sand, arid 7.5 tb 27.5 
percent clay. A soil containing equal amounts of the three separates is 
a clay Ibarri . % 

The various textures as indicated on the textural triangle 
(Figure 1) ^.re generally grbUped into three categbries . Sands, loamy 





_ Percent Sana _ 
^ — — 



FIGURE 1, 

SQXX^TEXTURAL TRIANGLE showing the percentages at cUy, silt, an 
sand in the basic soil textural classes. 

(U. of Calif. Agri. Ext. Ser- ) 
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sands, and sandy loams are usually referred to as coarse textured soils; 
loams and silt loams are medium textured soils; while clay loams , siltry 
clay loams, and clays are known as fine textured soils. The fine textured 
or clay sbil<=^ are kziown as heavy soils ind the coarse textured soils as 
light soils . 

It is interesting to note that the terms heavy aroi light soils origi- 
nated from the ease with which tillage implennents are drawn through the 
soil. Thusi clays are difficult soils to c aw irpplemcnts through in contrast 
to sands in which tillage requires less power. 

Soil texture ha s a large iniluence on the amount of water tiiat can 
be stored in soils for plant use and the rate at which water moves through 
the soil. The course textured soil will be able to hold for plant use only 
1/2 to 1-1/2 inches of water per foot of soil. At the other extreme , the 
fine textured soil will hold from 1-3/^ to 2-1/4 inches per foot of soil. 
Familiarity wit!i soil textures wiH assist in making the irrigation job easier 
and more efficient. 

Generally, clay wiii hold about three inches of water per foot, of 
twelve inches in a four foot root zone. When six inches of this water has 
been utilized, the plant is in danger of permahent wilt. For that reason, 
it is generally agreed by most irrigators that water application is heeded 
immediately when soil moisture falls between 50 and 60 percent of field 
capacity . 

Since the greater part of the rddts (60-75 percent) are in the top 
tv/o feet of the root zone , irrigation must be applied when this portion of 
Uie soil profile approaches 50 percent depletion, even^ though the lower 
two feet still may have enough water to give a cumulative total of more 
than 50 percent of field capacity. 

Most crops in deep, uniform soils use moisture more slowly 
from the lower root zone than from the upper soil. The top quarter is 
the first to be exhausted of available moisture. The plant then has to 
draw its moi ture from the lower three-quarters of root depth. This 
places a stress on the plant, and adequate moisture to sustain rapid 
growth cannot be extracted by the roots. 

Soil structure is a term used to describe the arrangement of the: 
soil particles. Structure refers to a compouhdihg of aggregation of soil 
particles into various forms such as platy , blocky , prismatic, etc. The 
moisture and air relationships of^a soil are influenced by structure. An 
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example of this is when soils containing some clay are trarhpled by animal 
^vhile it is wet and the clay fills the pore space, tims creating a soil that 
is more dense. Upon drying > this soil forms a massive structure and is 
said to be puddled. ^ 
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FIGURE 2 



Moisture use in relation to root zone arid available moisture. 



(S.C.S. Inf. Bui. No. 199) 



Soil Density and Pore Space a 

The derisity of soils is generally measured by two methods loaown 
as *'bulk density" and "particle density". Bulk derisity refers to the specific 
gravity of 3 volume of soil including its pore space. Thife , a cubic foot 
of soil including its pore space weighing 72.0 pounds, when divided by the 
-weight of a cubic foot of water , (62 .4 pounds) , would have a bulk density 
of i. 15. 

Particle derisity is a term used to measure the specific gravity 
of a; soil excluding pore space, in other words , we are concerned with 
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measuring the density of the soil particles without considering *4ie air 
space betweenvf articles. Thus , if we assume that the soil rhentidried in 
the preceing paragraph has a pore space of 48 percent, we can determine 
the particle density by dividing the weight of the s oil particles (72 pounds) 
by the weight of an equal Wume of water (52 percent of 62 .4 pounds) , 
32.4 pounds. The particle density will be 2.22 in this example. For a 
given soil, the particle density will always be greater than the bulk density, 
For most mineral soils, the particle density will average abouti2,65. 
Large ""portions of organic matter will tend to lower this figure. Bulk 
densities of soils will Vary according to the texture and pore space of a 
given soil. Bulk densities of coarse textured soils are usually in the range 
1.3 to 1.8 while fine textured soils are usually in the range 1.0 to 1.3. 
Organic soils , depending upon the .content of organic mattef , usually have 
a range 13.2 to 0.6. * V 



I 



All of tJie calculations involved in determining the particle density 
and bulk density are based on the oven dry weights of soil.^ Thus , the 
variable of moisture content is eliminated. The bulk dens ityv^hd particle 
density of a soil, if known, can be used to deternline the '^por^space" of 
a soil according to the fbrrnula: 

PS = 100 - ( p-^^3g-^ X 100) , 

PS = pore space in percent 

BD = bulk density 

Pb= particle density 

If we substitute the previously determined figures for bulk density and 
particle density^ we obtain a pore space of: 

^ PS - 166 - ( \^ X 100) ^ ' i 

"PS 100 - 51.8 

PS = 48.2% 

The percentage of pore space in a soil is irhportant because it will deter- 
mine the amount of water that a given soil can hold. 

The movement of water into the soil is known as imiltratibn , 
while water movement within the soil is known as percolation. Fine 

\ ■ ' • 
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textured soils generally have a lower infiltration rate measured in inches 
per hour than coarse textured soils . The long term infiltration rate refers 
to tlie number of inches of water that enters the soil per hour ^fter a con- 
stant infiltration rate has been established. Some values are shown in 
Table 2. 

TABLE 2 

LONG TERM INFILTRATION RATES FOR DIFFERENT SOILS 

Infiltration Rate in 

Soil Type Inches Per Hour 

Clay 

Clay Loam 
Silt Loam 
Ldarri (silt) 
Sandy Loam 
Sand 



Les s than 0 . 1 
0.1 -0.2 
6.3-6.7 
0.8-^.2 
1.3 - 2.4 
Over 2.5 



Water Re tention in S oils ^ 

'Water is gen'^rally cdiiifjidered to be the universal solvent. The 
water molecule is dipolar in nature which means that one end of the mole- 
cule is negative in charge while Se other is positive. Since bppbsite 
charges attract each other, this property pewnits the molecule to adjust 
to most materials . 

Another property of water is its relatively high surface tension. 
Surface tension is a measure of the cohesibn or attraction of water mole- 
cules to other water molecules . In.cont^ast to the cohesive forces , there 
are the adhesive forces. Adhesion is the attraction of water molecules to 
other molecules such as glass or soil. 
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These properties of water when combined with the various soil 
particle sizes have a profound influence upon the move rheht, storage 
capacity, and retention of water in the soil. Coarse textured sbils cbn- 
sisting of large sized particles tend to have fewer, but individually larger, 
diameter pores than fine textured soils with small sized particles such as 
clay. Thus , a clay soil will have greater total pore space , a lower bulk 
density, and smaller diameter individual pores than a coarse textured soil 
such as loamy sand. 

Since water has a high adhesive force , it is understandable that 
water is retained to a greater extent in the fine textured soils than in the 
coarser textured soils . This can be visualized by comparing the ease with 
which water can be poured through a two inch diameter pipe to the diffi- 
culty of moving water through a capillary tube. 

The relationship of adhesion of water to soil particles can also 
be considered from the viewpoint of spe cific surface • Specific surface 
refers to the amouTit of surface area exposed to air or water. For example, 
a solid one inch cube has a specific surface of six square inches • If the 
same cube is sliced in three places giving eight one -half inch cubes, the 
total surface will be twelve square inches. Therefore, a soil such as clay 
will have a high specific surface and, consequently, will have a large per- 
centage of the water adhering to the particles. 

Water Uptake by P lants 

Water. not only aids in the absorption of mineral nutrients by 
plants but is itself necessary for plant growth. Growing plants contain 
more water than any other compound. 

Water enters the plant through the root system by the process 
of absorption and is lost chiefly by the process of transpiration from 
leaves , 

T r an spi^^atioJi 

A large supply of water is necessary for all the activities of 
plants such as photosynthesis and growth, A young leaf often contains up 
to 90 percent water. The water content of a leaf at any specific time 
represents only a fraction of the water reaching the leaf during the grow- 
ing season. This large water requirement is necessary because water is 
constantly being lost by evaporation from the cells of all aerial parts, 
especially the leaves. The evapbratidri of water from the exposed surface 
of a plant is called transpiration. The bulk of the transpiration water loss 
is through the leaves. 




The leaf has a remarkable structure for capturing carbon 
dioxide from the air. On the underside of most leavei , a profusion oi : 
srnall openings called stomates are found. The bperiirig arid closing of the 
stomates is controlled by adjacerit guard cells which are activated by light. 
Immediately inside the epidefmal cells , the stbrriatal passage leads to the 
sub-stomatal air chambers. The soft spongy tissue survoundirig the aif 

chambers is bathed in water which absorbs the carbon dioxide from the 

air trapped in the air chambei^s. Since the soft §pbngy tissue is constantly 
evaporating water into the intercellular air chambers , there is a movement 
of water vapor into the outer atmosphere by diffusibri through the stomata. 
The epidermal cells of a leaf ac^^ount for some water J.bss but this is a 
relatively small amount iri Und plarits because of the presence of an a Impost 
impervious material known as cutin. Cuticular trarispiration is believed 
to accbunt for frbrn 3 to 15 percent of the water lost by transpiratibri with 
the remainder being lost through the stbmata . 
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The greater part of the water absorbed by plants is los^by t 
spiration. The quantity of water lost is surprisirigly large. A vigorous 
suriflbwer plant has been estimated to tfans pi re approximately 400 pound 
of water in a 100 day grbwirig season. An individual corn plant has been 
calculated to remove 54 gallons of water frbm the soil in a season. Thi 
is 90 tirries the amount of water needed by the plant for all purposes dth 
than that lost by transpiratibri. A mature apple tree may lose 95 gallons 
of water per day. For one acre cbntairiirig 40 trees, this would amount to 
a trarispiratibri rate of 486 tons of water in a midsummer month. 

The mechanics of stbmatal trarispiratibri consist, first of the 
evapbratibri of water from the saturated spongy cells surrburidirig the sub- 
stonrvatal air chambers arid, secbrid, the diffusion of the water vapor thrbugh 
the stomata. The evaporation of water from the walls of the ceils adjoining 
the air chambers creates a >?vater deficit in the walls. As a result of this 
deficit, the walls of the cell imbibe more water from the protoplast. With- 
drawal of water increases the cbriceritratibri of dissolved substances and 
tends to draw water by a process known as osmosis frbm rieighboririg 
cells that coritairi rridre water. This process repeats from^ cell to cell 
until eventually water is withdrawri frbm the water conducting tissues 
known as tracheids and vessels of the veins which are iri turri cbririected 

to the main cbriditctirig .issue of the leaf, stem, and root known as the 

xylem. Thus , the moistur deficit is trarismitted to the root system and 
a continuous stream of water results. This continuous strearri cbrriperisates 
for the IbsF of ^vater iri the form of vapor from the stomata. 

There are a number of external factors that greatly irifluerice the 
rate of transpiration. These factbrs are radiant energy, air movement. 
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humidity and temperature , and soil cbriditibris . Radiant energy is a domi - 
nant factor siiice the stomata of most plants are open in light. Aii iritensity 
:urve shows a maxirriurri rate of transpiration more or less corresponding 
with light intensity. Absorption'of radiant energy is largely within the 
visible light spectrum although some of the longer wave lengths (infrared) 
are also absorbed. Radiant energy absorbed that is riot used for photosyn- 
thesis is trarisformed iiito heat and becomes a factor in water vaporization. 

Humidity condirions in the atmosphere are usually expressfd as 
relative humidity. Relative humidity refers to the amount of moisture 
present in the atmosphere at a given temperature compared to the total 
amount of moisture the atmosphere is capable of holding at the stated tem- 
perature. The higher the temperature, the greater the amount of moisture 
the atmosphere can hold. Thus, if there is a higher relative humidiiy 
within the sub-stomatal air chamber than in the outer atrnbsphere , there 
will be a diffusion gradient and a loss of water vapor to the outer atmosphere , 
A rise in temperature , moderate air currents, and leaf movement also 
increase the rate bf transpiration. 

The size and shape of the leaf affect the amount of water transpired. 
In general, the modified leaves of desert plants such as the cactus*lbse less 
water than the leaves of a temperate regiOri plant such as the sunflower, 
water loss is also regulated by the stonnata iri that when they are completely 
closed, transpiration is stopped; however, a decrease in diameter bf 50 to 
75 percent apparently has only a slight effect on rate of transpiration. 

It is apparent that the water movement iri plants is affected by the 
water loss from transpitatibn and the amount of water absorbed frbm the 
soil. Some factors that affect the amount bf water absorbed from the soil 
are the extent of the plant root system, the amount of water present in the 
soil and the concentration bf solutes in the soil water. 

Root Systerns 

The roots of plants are the brgans which are in contact with the 
soil and the §bil solution and, therefore, are able to absbrb water and 
salts . The plant root system rnay be viewed as a large probing network 
that exploits the water and salt resources bf the soil. In addition to 
functioning as ah absbrption unit, transport of water and salts and anchorage 
in the soil are also functions bf the root system. There are structurally 
two main types of root systems; namely, the tap root and the fibrous root 
system The tap rbot system consists of a primary br ceritral root which 
grows more rapidly than any of the branch roots. The branch roots arise 
from the central root. In some plants such as the carrot, radish, and 
beet, the diameter bf the tap root may exceed that bf the stern. 



The fibrous root system has ho central axis and most of the 
branches grow to approximately the same length and diameter . This type 
of root sy.stem may be c5Sstituted of relatively thin foots as in annual 
plaSts or some parts may grow to larger diameters as in most familiar 
trees . 

Numerous studies of the distribution of root systerris have shown 
that the extent and mass of root de velopn:ient is generally greater than pre- 
viously supposed. Root growth habits vary with the specie s of plants and 
reflect the influence of soil and climatic factors . In arid regions , alfalfa 
roots of two month old planets have been recorded at a depth of five feet. 
In general, the more extensive the root system, the greater the absorption 
capacity . 

Avai lable Moisture for Plant Use 

Water rnay be classified as unavailable, available, arid gravita- 
tional or superfluous. If water is applied to a soil until all of the pore 
space is filled, the soh is said to be "saturated". About one -half of this 
moisture will be lost due to the pull of gravity. Usually this gravitational 
water has drained away within about 24 hours following application. Except 
for rather slight losses due to evaporation from the soil surface and con- 
tinuing drairiage due to gravity, the soil moisture remaining iridicates the 
"field capacity" of that soil. 

In practice , field capacity is usually determined two days after 
an irrigation. A soil will cbn^e to field capacity mo^e quickly when an _ 
active crop is growing than when there are no roots removing water from 
the soil . 

Field capacity can be measured by deterrniriirig moisture content 
of loil after an irrigation sufficiently heavy enough to ensure thorough 
wetdng of 9ie soil. Observing the decrease iri moisture by making moisture 
deturmiriatidns at different times after irrigaUon is valuable iri under stand- 
ing and properly interpretirig the field capacity characteristics of a soil. 

If there are plants growing on the soil, the rhdisture level cbri- 
tinues to drop until it reaches the "permanent wilting point" (p.w.p.J . 
Soil moisture content near the wilting point is not readily available to the 
plant. Herice the term "readily available moisture" has been used to 
refer to that portion of the available moisture that is most easily extracted 
by the plants, approxtrriately 75 percent of the available moisture. After 
this pbirit, the plarits kre unable to absorb water from tiie soil quickly 
enough to replace water lost by trarispiration . 
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Water is held in the soil at a certain tension force; Soil moisture 
tension is normally between 1/10 and 1/3 atmospheres (atm,). the ten^-^ion 
at which peiTharierit wilting occurs can vary from 7 to as high as 40 atm, , 
depending upon consumptive use > crop, soil texture, etc. Formerly, it 
was often thought that plants thrive equaHy well regardles s of the moisture 
level, as long as this level is between field capacity and permanent wilting • 
It is more logical, however, to assume that if water is so aburidarit_as to 
be easily absorbed from the soil , the plants should thrive better , This is 
supported by research findings. Maximum yields are obtained when the 
moisture level during the critical growing season is maintained relatively 
high. On the other hand, if a crop is watered too frequently , even with 
light irrigations, part of the soil will be so constantly saturated that the 
crop will suffer from poor ae ration • 

The soil moisture content when plants permanently wilt is called 
the permanent wilting point or the wilting coefficient. The pernnarierit 
wilting point is at the lower end of the available moisture range , A plant 
will wilt when it no longer is able to extract sufficient moisture from the 
soil to m-et its needs. Wilting depends upon the rate of water used by 
the plant, the depth of the root zone, and the water holding capacity of 
the soil. 

Among the root crops, sugar beets readily indicate need for water 
by temporary wilting, particularly during the warmest part of the day. 
Crop growth should not be i-eta^ded by lack of available soil moisture. The 
practice of withholding irrigation until the crop definitely shows a ne^d for 
water is likely to retard growth. It is^ es sential to maintain readily avail- 
able water in the soil if crops are to make satisfactory growth. 
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4. METHODS OF MEASURING SOIL MOISTURE CONTENT- 



The measurement of the water storage capacity of soils^and the 
amoant of water in sbiis are of vital importance in determihirig the quantity 
of water to be applied in an irrigation. Field capacity has been previously 
defined as the maximum amount of water that a soil can hold against the 
force of graxrlty. Therefore , any amount of water applied to a soil beyond 
the field capacity will be lost to deep percolation. The determination of 
the amount of moisture that is available to plants in an unsaturated soil 
is an impdftant c on is i deration In calculating the water x?eeded to bring the 
soil to field capacity. Soils vary in the amount of water they can hold at 
field capacity. Some of the factors that cause this variation are the deptii 
and texture of the soil arid the per centage of moisture in the soil at the 
permanent wilting point. Some of the methods employed iri the determina- 
tion of volumes of water available to crops are considered in the following 
se ctibns . 

Overi Dry Method 

One of the most common methods of determining soil moisture 
content is the oven dry method. This meSiod consists of taking a soil 
sample of approximately 200 grams , determining its exact weight, and 
drying the sample in an oven at a temperature of 105 to 110 degrees 
centigrade for 24 hours after which the sample is again weighed and the 
moisture loss detcrrniried by subtractirig the oven dry weight from the 
moist weight. The moisture content is expressed as a percisritage of the 
bveri dry weight of Hie soil. For example, if a 212 gram moist soil sam- 
ple weighs 197 grams after dryirig , the percisritage of moisture is calculated 
by dividing 197 int-^ 15 which results in an answer of 7 • 6 percent, A note 
of caution is to remember to subtract tiie weight of the container from both 
the moist and dry weight determination. 

Tensibmeter 

The tensiometer is a^^evice consisting of a porous clay cup filled 
with water and attached to a vacuum gauge or a mercury manometer . A 
hole is dug to the depth at which the measurement is desired and the cup 
arid cbririectirij tube filled with water and placed in the soili The soil is 
firmly packed to in->ure good contact. A temporary cdririectidri is established 
between the water in the soil and the water in the ciip. When water moves 
but bf the Clip, a suctiori or tension created in the cup is registered on the 
gauge. Variations in soil moisture are registered by the terisibrneter as 
long as the tension does not exceed Gi8 atmospheres. At greater tensions > 
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air enters the closed system Qirough the pores of the cup aiid the device 
is no Ibhger accurate. Since the bulk of the available water in sandy soils 
is represented by appi^bxirhitely 0.8 atrnbspheres of pressure , tensiome - 
tei^s are best suited to these areas. Some fepreseritative moisture tensions 
are: sand 5 atm., loam 19 atm. i, arid clay 3 5 atm. 

Gypsum Slock Meth od 

The electrical properties of conductance or resistarice cari be used 
to indicate the moisture content of soils . The electrical properties of soils 
change with a change in the moisture content. Porous blocks of gypsum 
containing electrical elemerits are placed in the soil and they change thei^r 
rrioisture content as the soil moisture content change s . It has been deter- 
mined that gypisUm (plaster of paris) blocks tend to achieve a mbistiare 
equilibrium with that of the soil iri that, as the moisture increases , the 
amount of gypsum in solution increases and the resistarice between the 
wire embedded in the block decreases . Materials such as fiber glass arid 
nylon have also been used for making blocks. 



Gypsum blocks operate best at tensions between 1 and 15 atrnbs- 
pheres , while nylon blocks are more s-nsitive and function best at tensions 
less than twb atmbspheres. Because of their solubility, gypsUm blocks 
deteriorate in one to three seasbris . Gypsum blocks are less sensitive tb 
soil salts than nylon and fiber glass blbcks . 

The procedure fbr usirig gypsum blocks consists of digging a hole 
tb the Ibwest depth from which moisture data is desired. At each desired 
interval from the bbttbm upward, a gypsum block is buried arid its leads 
are brought to the surface. Thus, a riumber of blocks at different depths 
are bUried in one location. It is custorriary tb use a color code for the 
leads if a series of readings are being recorded at each Ibcatibn. Fbr 
example, the deep leads rnight carry a red marker, medium leads a 
white marker, and shallow leads a blue marker. Thus^ if all red leads 
iridicate the moisture cbnterit at a four foot depth, it greatly simplifies the 
task of the recorder. Small trarisistorized meters for reading electrical 
properties are available f^om commercial outlets. The gypsum blocks with 
electrodes and leads iristalled^are also available from commercial sources . 
There is g?eat variability betweeri gypsum blocks , so they should be care - 
fully calibrated before use. 



R adio -isotope Methods 

A method of rheasUririg soil moisture is based upon the ability bf 
water tb slbW the velocity of fast neutrons. This method consists of a 
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source erhiltirig fast neutrons into the surrburidirig soil. The fast neutrons 
that are slowed down by die water: are recorded when they reach the cbuhtihg 
tube. The fast rieutrbris are not riscorded by the counter i The greater the 
water content of the soil > the greater the number of slbw rieutrbris reaching 
the cburitirig tube. The hydrogen in the water is the principal elerheht ab- 
sorbing fast neutrons and, therefore > a gbbd cbrrelatibri betweeri the amount 
of water in tiie soil and \£e number of slow neutrons is regi^stered by the 
cburiter. Chlbririe arid bbrdri also absorb fast neutrons; consequently, soils 
containing these elements will indicate moisture cbriterits higher than the 
correct value . 

To install the device, a hole is dug with ari auger arid a metal tube 
is driven into the hole after which tSxe neutron source and counting unit are 
placed withiri the hole arid lowered to the desired depth. The moisture con- 
tent of the soil surrounding the source arid counter is prbportidrial to the 
reading on the counting unit; The reading on the counter will also be influ- 
enced by the Ibcatibri of the uriit iri that when the. unit is near the surface, 
a different reading will be obtained for the same rhbisture cbriterit than when 
the unit is located well beneaSi the surface. Also", the zone of influence bf 
the unit decreases as the rhbisture cbriterit increases. 

The neutron method is presently employed almost exclusively at 
research stations. Efforts are beirig rriade to lessen the radiation hazard 
and reduce the weight of the unit. 

Physical Appeararice arid Feel Method 

Other than the oven dry method, most of the aforementioned means 
of rrieasuring sbil rhbisture will riot be available to a Peace Corps Volunteer 
in unde rdeveloped countries. 

A very common rhethbd. Used by farmers and irrigation technicians 
alike, is the "feel or physical appearance rhethbd". This is a fairly accurate 
method of measuring soil moisture in the field by taking a soil sample at 
various depths usirig a sbil tube or auger. 

The soil auger is usually nothing more than a carpenter's auger 
with the screw pbirit arid side cuttirig edges removed. It is light in weight 
and easy to carry 'around . In soils cbntainirig firie gravel, it is frequently 
difficult, and sometimes impossible, to obtain samples by means of a sbil 
auger. With a sbil tube, it is sometimes possible to ^ut through these 
gravel layers and still obtain satisfactory samples. These tubes are de - 
sigried so that (ij the tube can be pushed into the soil with a rhinimum bf 
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effort, (t) the 85il will Readily enter the tube, and, (3) the tuBe can be 
easily extracted from the s5il. A portion of the tube is cut away so the 
soil sarriple can be inspected when it is taken up. 

After the texture of the soil has been determined, the soil sample 
is first ''ribboned" between the thumb arid forefinger . if a fairly good 
ribbon is extruded, soil moisture is usually above 50 percerit in the heavier 
soils. Soils with a very small percentage of clay will not form a cbritiriuous 
ribbon, and the "ball" method should be used. Table 3 describes the ball 
forming method and the general percentage of moisture left in the soil. 

Persons with some ^-xperience in irrigation soon become aware 
that the wetter the soil , the deeper one sinks into the mud . This observa- 
tion has been used to indicate how well the soil is irrigated. 

Inserting a shovel into the soil gives a better indicatiori of soil 
moisture. A still better method is the use of a steel rod of about 1/2" in 
diameter. By pushing the i^od into the soil, the depth of wettirig can be 
deterrhihed , 

These methods , while not highly accurate, are most useful where 
accurately calibrated iristruments are unavailable. 

Visual Iridications of Pl^nt Moisture Deficiency and Excess 

Growth of most crops produced uride r irrigation is stimulated by 
moderate quaritities of soil moisture and retarded by either excessive or 
deficient amounts of moisture. Air is essential to satisfactory crop^ 
growth; hence, excessive filling of the soil pore space with water drives 
but the air arid inhibits plant growth. 

On the other hand, soils having deficierit amounts of water hold it 
so tightly that plants must exert extra energy to obtain it. If the rate of 
intake by the plant is riot high enough to maintain turgidity of the leaves , 
wilting will follow. When the soil moisture content is somewhere between 
these two extremes, plants grow most rapidly. 

A light g^een color in alfalfa is generally indicative of an adequate 
moisture supply and satisfactory growth. Among_rdot crops such as sugar 
beets , a need for water is gerierally rioted by a temporary wilting duri^ng 
the warm part of the day. Grain crops such as corri also will wilt tempor- 
arily wheri moisture is in short supply. In fruit crop prbductidri , it is not 
practical to wait for wiltirig to detect moisture requ rements. 



TAB! ^ 3 

GUIDE FOR JUDGING HOW MUCK MOISTURE iS AVAlLABLi: FOR CROPS 

Feel or Appearance of Soil 



Available 
Soil Moisture 
Remaining 

8 to 2 5 percent 



2 5 to 50 percent 



50 to 75 percent 



75 percent to 
field capacity 
(100 percent) 



At field capacity 
(100 percent) 



Saturated 



Light Texture 



Medium Texture Heavy Texture 



Dry , loose , 
flows through 
finge r : . 



jears to be 
dry , will not 
form a bail ; * 



Tends to ball 
under pressure , 
but seldom 
holds together. 



Forms weak 
ball, breaks 
easily , will 
not slick. 



Upon squeezing, 
no free water 
appears on soil, 
but wet outline 
of ball is left 
on hand . 

Water appears 
oh ball and 
hand. 



Powdery dry , 
sometimes 
slightly crusted 
but easily 
broken down 
into powdery 
cbriditibri . 

Somewhat 
crumbly but 
holds together 
from pressure . 

Forms a ball 
somewhat : 
plastic , '•Xdll 
sometimes 
slick slightly 
with pressure. 

Forms a ball, 
is very pliable , 
slicks readily if 
relatively high 
in clay. 

Upon squeezing, 
no free water 
appears on soil, 
but wet outline 
of ball is left 
on handi 

Water appears 
on ball and 
hand . 



Hard, baked, 
cracked, some- 
times has loose 
crumbs on 
surface . 



Somev^hat pli- 
able , will ball 
tinder pressure.^- 



Forms a ball , 
ribbons out 
between thumb 
and forefinger . 



Easily ribbons 
out between 
fingers , has 
slick feeling . 



Upon squeezing, 
rid free water 
appears on soil, 
but wet outline 
of ball is left 
on hand . 

Waxet appears 
on ball and 
hand; 



* Ball is formed by squeezirig a haridful of soil very firmly. 
(S.C.S. liif. Bui. No. 199) 
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it must be remembered that plant roots will riot grow iritd a dry 
/- - Zr^zz. ^ Application of 

Plants 



;/sbil> nor will they grow in or into a water logged soil 
/ excessive amounts of water inhibits root growth and activity 



develop a yellowish appearance and are unthrifty arid slow grbwiiig. 



TABLE 4 

WATER HOLDING PROPERTIES OF SOILS 



Moisture holdirig 
capacity in inches 



Amount needed to restore 
root zone when 50% level 



Soil Type 


per foot 


is reached 


Clay 


3.0 


4.5 


Glay loam 


2.6 


4.0 


Silt loam 


2.2 


3.5 


Silt 


1.8 


3.e 


Sandy loam 


1.5 


2.5 


Sand 


i.d 


2.0 



D OF WATER APPLICATION 



Slope la an important factor to consider for proper control of 
irrigation water. Oh steep slopes, generally, water directed down th^^ 
slope tends to cfiannel and cause serious erosion. As the slope increases, 
it becomes more difficult to wet the soil without allowing an excessive 
amount of waste water runoff . The object of irrigation is to get water into 
the soil so it can be stored. 

Generally speaking, clay soils have a slower rate of intake than 
do coarse or sandy soils. Heavy clay soils will have i ^filtration ratds of 
less than 0.1 inch of applied water per hour. A coarse or sandy soil can 
take more than 3 inches per hour (see Table, 2). 

One of the more important determinations an irrigator must 
make is 9ie amount of slope at >vhich to grade his land. Table 5 shows 
the bptirnum grades or slopes for each type of soil. 

/ 

/ TABLE 5 . 

OPTIMUM GRADE AND MAXIMUM LENGTH OF BORDERS 
FOR VARIOUS SOIL TYPES 



Optimum Grade in 

Soil ^pe fL per 100 ft Maximum Length 



Clay 



0.05 1^ 1,590 
0;i 1.000 



Glay Jloam 

I 

Silt loam 0.2 800 

Loam (silt) 0.3 500 



Sandy 16am 



b .4 400 



§arid ■ 0;5 ■ 300 



It will be noted that on a. clay soil with low infiltration rates there 
need be no slope or only a very slight one; dxl light soils the slope can be 
as much as 6 inches per lOO feet if the water supply is adequate and the 
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erosion of the soil can be cbhtrblied. The prescribed slope allows for a 
surface movement of water in a ratio suitable to the intake rate of the soil. 



FIGURE 3 

INFILrTRATiON OR ABSORPTION PATTERI^S 



Sandy L.oam Slay toam 




E>istance - inches From Center of Furrow. 



Also related to the slope is the length of the border. The maxi- 
mum lengtix can be varied with each soil type. It is obvious that a short 
border field oh a clay soil will allow the water to reach the far end and 
run off before the desired depth of perietratidn is reached. To continue 

r 
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ruririirig water until penet?aBbn is cbrriplete wastes tod much water in 
furibff at the end of the field. For this reason, level basins are recom- 
mended on heavy soils where fields are short . Conversely , a long border 
on a sandy soil would allow an unnecessarily deep penetration at the upper 
end of the strip before the water can reach the lower end. The maximum 
strip length, then, is dii-ectly related to the soil type, infiltration rate, 
and the grade of the field. 

Unit Stre am or He a d 

in irrigatdoh there is freqvieht mention to the "unit stream" or 
"unit head". The unit stream is the water appilicatibh in CFS (cubic feet 
per second} fbr each foot of width of the border strip per 100 feet of length. 
Simply stated, it is the ambunt of water needed per 100 square feet of 
irrigated field. The ability to manage water, soil^ and crops must be 
based oh the irrigator's knowledge of the water supply he has at his dis- 
posal in reiafibn tb the field he wishes to irrigate . 

Unit stream is the amount of water needed based bn the sbil 
infiltration rate, slbpe of the land and effective root zone for crop pro- 
duction. There are charts Qiat can be used tb calculate this. Table 6 
gives the unit streams necessary for combinations of depths bf irrigatibn 
and intake rates bf various sbils . Tb use the table, determine to what 
depth moisture should be replaced. Then find the unit stream in the 
appropriate column for the applicable infiltration rate. These figures are 
accurate for sibpes bet>veen^0.3 and 0.5 percent. On heavy soils with 
flatter slopes , the unit stream should be increased by about 5 percent. 

Using Table 6, one can find the rate of water in CFS needed fbr 
each foot of width of the border for each 100 feet bf run. For instance 
if the bbrder is 25 feet wide and 300 feet Ibng and a 3 inch depth bf water 
is desired bn a soil with a 1 inch per hour final intake rate, the unit 
stream is found to be .(51 GFS. To determine the -ate of water needed, 
the fbllbwihg formula is used: 

' _ _ / 

(1) Border Stream = Lnit Stream x LengtK |ft) x Width (ft) 

100 / 

or = .01 X 300 X 25 = .75 CFS 

^ 100 

Conversely, if tlie rate of water is loibwn , the width of the border 
can be cbrnputed by a transposition within the same fbrmula:. 

(2) Width (ft) = Bbrder s tre am x 160 

Unit stream, x Length (ft) 



TABLE h 

UNIT STREAMS FOR VARIOUS DEPTHS OF IRRIGATION ON SOitS OF DIFFERENT 

FINAL INFILTRATION RATES 



Final Infiltration Rate in Inches Per Hour . 

Depth of — _ — : — 

Watering' 

0.1 0.2 OJ 0.4 0.5 0.6 0.7 0.8 0.9 i.O i;5 2;6 2. 5 3.0 



i" .0018 .0037 .0055 .0074 .009 .011 .013 .015 ;017 .018 .028 M .045 .055 

2" .0014 .0027 .004 .0054 .0067 .008 .0095 .011 .012 .013 .02 .027 .034 .04 

3'- .eol ,002 .003 .004 .005 .006 .007 .008 .009 .010 .015 .620 .025 .039 

4" .00074 .00015 .0022 .003 .0037 .0044 .0052 ,0059 .0066 .0073 .012 .015 ,018 .022 

5" .00055 .0012 .0017 .0022 .0027 .0033 ,0038 .0044 .005 .0055 .0082 .011 .014 .017 

' 6" .0004 ;0008 .0012 .0017 .002 ,0024 .0028 .0032 .0036 .0041 .006 .008 .01 .012 
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For any given i3oil type arid depth of irrigation, there is but one 
unit stream. The total quantity of water needed will vary with the size of 
the border strip to be irrigated. 

For ease in computing the amount of water needed for various 
soils at the time they need irrigation and for the optimum length arid width 
of borders, Table 7 is included. It can be seen that for each soil type and 
its individual water needs , the total water required for a 25 foot wide strip 
of land in maximum lengths varies greatly from clay to sandy soils. 

TABLE 7 

AVERAGE UNIT STREAMS AJsJD BORDER STREAMS 
FOR VARIOUS SOIL TYPES 

Border Stream 





Average 


Average 




for 25 Foot 


optimum 


Final Intake 


Depth of 




Border of 


Length of 


Rate Inches 


Irrigation 


Unit 


Optimum tength 


ne Border 


Per Hour 


Inches 


Stream 


(CFS) 


1 ,500 


0.1 


4.5 


.00065 


0. 243 


Ti 1,000 


0 .2 


4.0 


.0015 


0 .375 


8GD 


0.5 


3.5 


.0043 


0 .86 


500 


1 .0 


3.0 


.01 


1.25 


irn 400 


2 .0 


2.5 


.023 


2;3 


300 


3.0 


2.0 


.04 


3.6 



It will be noted that a clay soil having a border strip area of 
ess than one acre will require a delivered stream at tlie bot-der 
:FS to give a 4-1/2 inch irrigation. At the other end of the soil 
e sandy soil with .17 acres will require a border strearh of 
to give adequate and uniform irrigation, it is important that the 
tt of water across the land surface be rriatched with the soil 
te . If the size of the field is reduced, the border stjearh can 
ed. The unit stream remains constant. To get the penetration 
>ture storage needed, a definite time period must be allowed to 
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elapse so that wate? can sbaR into the land. A too short contact period 
will mean too little water has entered tiie soil moisture reservoir, Too 
long periods of water applicatibh will encourage deep penetration losses. 

Using the figures in Table 6, the unit stream on a sandy sbij ^i*^. 
a final intake rate of 3 inches per hour for a 2 inch water application, will 
be .05 CFS. Using formula (2) on a 300 foot long field and with one -half 
CFS of,jwater available, the designed width Of the border should be: 

W . S (IQOj = 4 feet 

.04 (300) 

Thus , oh a sandy soil with only one -half CFS discharge , the 
farmer must not have borders wider than four feet. Otherwise, he will 
be applying water inefficiently and the water wasted by deep percOlatiOri 
will build up ah unfavorable water table . Table 8 shows the border widths 
that must be designed for borders of various length with One -half CFS 
discharge at the field. 

TABLE 8 

DESIGNED BORDER WIDTHS FOR VARIOUS SOILS 
WITH VARYING LENGTHS OF BORDERS 
USING 0.5 CFS IRRIGATION STREAM 

Optimum Average Inches of 

Length of Final Intake Water Unit Border 
Soi^-ype Border (ft) Rate (ifl/ hr) Nee ded Stream Width (ft) 

51 
77 

150 

7 
ID 

17 

3 
4 

6 



Clay 


1 ,500 
1 ,000 
500 


0.1 
0.1 
0.1 


4.5 
4.5 
4.5 


.00065 
.00065 
.00065 


Slit 


700 
500 
300 


1.0 
1.0 
1.0 


3.0 
3.0 
3.0 


.01 
.01 
.01 


Sand 


4bd 

300 
200 


3.0 
3.0 
3 .0 


2 .0 
2 .0 
2 .0 


.04 
.04 
.04 



Using the above formula with results as shown in Table 8,^ it is 
apparent that even on a silt type soil the border strip must not exceed 17 
feet in width if it is about 300 feet long. A longer field will mean an even 



narrower one. 
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Ffdm Table 8 it can be seen fi&at one -half GFS dis charge is more 
than adequate bri heavier clay type soils. In the caise of clay , the one -half 
CFS couid irrigate six 25 foot border strips sirhultariebusly . On light or 
sandy soils ^ one -half CFS is tod small a stream to do an efficient job of 
irrigating i 

In actual practice in developing countries, most farmers irrigate 
an entire field of from one to three acres wiQiout borders to help control 
the water. It does .riot require too great an imagination to see how ineffi- 
cient such ixrigation methods are and what a great waste of water results. 
One can visualize each field as ^form of border strip and superimpose the 
figures from Table 8 on them. The result is always the same --small 
flows on large field areas result in deep penetration losses arid limited 
area coverage. Such inefficient irrigation is a direct cause of waterlogging 
arid salt buildup and iricreases the drainage requirements of the project. 

The length of time v^hich water flows over a fieLd has a direct 
bearing on the amount of water that goes into the soil. The chart figuring 
the unit stream is based on the assumption that water can be shut off or 
moved to another strip at the tirne it reaches the far end of a border of 
any length. While it may be more efficient to use the rhaximum lengths , 
often the size of the field cannot be changed « This is one point at which an 
irrigator loses sbrne flexibility wheri he designs a system. 

This loss of flexibility can be offset by the application of formula 
(2) if the width of the strip is changed to compensate for its short run. if 
the formula is followed and the system designed according to the tables arid 
charts, the time element will take care of itself. When the water reaches 
the far end of the strip, it is shut off arid moved to another strip. 

Aridther formula that is useful to anyone who designs an irrigation 
system is: 

T ^ IBU^ 
I 

T is the tirrie of irrigatidri (expressed in minutes); D is the depth of 
watering necessary; and 1, the final intake rate of the sdil. This fdrmula 
is fdr level borders with intake rates up to 1 inch per hour. On graded 
borders with intake rates iri excess of 1 inch per hour, the formula is: 

T = ^ 
I 

Again , usirig the various soil types with their known intrke rates , when 
the amount of water needed to replenish the soil reservoir to field 
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capacity is found, the time heeded to irrigate the sSil to that depth desired 
can be determined by the above formula. 

Table 9 gives a compilation of the time needed by classificatibh 
6i soils when they have reached 56 pe^ceiit of field capacity moisture level. 

Actually it is in this table that we find the reason for low produc- 
tion on lands not waterlogged and On which most other farm management 
practices appear acceptable. Some farrners never give any consideration 
to the matter of the period of water application. Two extremes J-:;- p^^^ " 
ticed- in one , the field may be bounded and water may stand on the field^ 
for two to three times as long as necessary; thin is wasteful of water and 
harmful to many crops. The other is wild flooding where the water is 
pushed and directed to various spots On the field and few places get water 
for more than a few minutes; penetration is shallow in such cases and 
i-rigaSoh is of little value. Often such shallow irrigation results in 
shallow roots which allow plants to die as soon as they are subjected to 
ah ordinary period of drought. 

TABDE 9 

TIME REQUIRED TO REPfcENlSH SOIL MOISTURE 

WHEN 56 PERCENT dr FIELD CAPACITY HAS BEEN REACHED 



Soil Type 


Average Intake 
Rate - Inches 
Per Hour 


Depth of Irrigation 
Needed in 
Inches 




Time ^ 




Clay 


0.1 


4.5 


11 hrs 


. 15 mill. 


(1) 


eiay loam 


0.2 


4,0 


5 hrs 




(1) 


Silt loam 


0.5 


3.5 


i hr. 


45 min. 


(1) 


Silt 


i.O 


3.0 


3 hrs 




(2) 


Sandy loam 


2.0 


2.5 


1 hr. 


15 min. 


(2) 


Sand 


3.0 


2 .0 




40 min. 


(2) 



* Frbrri formula 

(1) Using level border formula (2j Using gi-aded border formula 



6. IRRIGATION EFFICIENCY 

Water is a very precious resource and no man has the right to 
waste that which another can use. Efficient use of irrigation water is ah 
obligation of every user. Efficiency is influenced by Qost and quality of 
labor , ease of handling > crops being irrigated, arid soil characteristics.. 
Adequate control and managennent of irrigation water require that nnethods 
be available to evaluate irrigation practices frdrtl time to time. 

Water conveyance or delivery losses must be iSte first evaluation. 
These are recbgriized by the engineer wheri the system is designed. Having 
conveyed the water to the farm, the need to apply the water efficiently be- 
comes apparent. Often considerably more water is applied to the soil 
thari it cari possibly hold. Iri ribrmal irrigatibri practices, surface irrigatibri 
efficiencies of application are in the range of 45 to 50 percent, whereas , 
well-designed sprinkler irrigation systems are generally considered to be 
about 75 percent efficient. 

Neglectirig evapbratibri Ibsses during the time water is being 
applied, efficiency of use can be calculated thus: 

Ea = 100 Wf ^ (Rf + Df) 
Wf 

when: Ea = water - applicatibri - efficiericy 
Wf = water delivered to the farm 
Rf = surface runoff 

Df = deep percblatibri beJow root zone 

At each irrigation, the farmer applies a given arnount of water to 
his land with the iriteritibri bf stbririg the water iri the rbbt zone bf his soil. 
Of course , he cannot store it all. The loss of some water is unavoidable. 
The mbst cbmrribri Ibsise^s of irrigation water are represented by runoff 
and deep percolation. This is brought on by: 

1 . If regular land surfaces 

2. Shallow soils underlain by gravels of high permeability 

3. Irnproperly designed distribution systems 
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4. Noh -attendance of water during irrigation 

5. Excessive siiigle applications 

6. Irhprbper preparation of the land 

' Water storage efficiency becbrries especially important whenever 

insuff' lent -.at.-.- is stored the root zone during a single irrigation. The 
depth of water applied during each irrigation is a dominant factor influencing 
efficiency of application. Many variable factors such as land uniformity , 
irrigation method^ size of irrigation stream, length of run. soil textures, 
permeability, and depth Influence the time the irrigator keeps water running. 

Consumptigfi Use and Evapb- Transpirati o n! Ratio 

Consumptive use. or evapo-transt>iration . is the slim of two terms: 
{ n Transpiration, which is water entering plant roots and used to build 
plant tissue or being passed through leaves of the plant into the atmosphere; 
(2) Evaporation, which is water evaporating from adjacent soil, water sur- 
faces . or from tfie surfaces of leaves of the plant. Consumptive Use can 
apply to water requirements of a crop or a farm, hence the term consump- 
tive use". 

The volume of water transpired by plants d*>pend8 in part on the 
water at their disposal, and also on temperatures ar.d humidijr °f ^he air 
Wind movements, intensity and duration °^ 

of the plant, type of foliage . and nature of the leaves firing tne growirig 
period of the plant, there is a continuous moveraent Of water from the soil 
into roots, up stems and out of the leaves of the plants . A very stnaU 
proportion of the water absorbed by the rOOts is retained by the plant. 
When the rate of transpiration exceeds the rate of absorption by the roots . 
wilting occurs . 

Evaporation losses from We soil vary with the amount of water 
able to reach *e surface by capillary action. WTiere jirrigatio^n Wfter^is 
applied by flooding methods, large amounts of water are lost by direct 
evaporation from soil surfaces wi9>out having passed tti rough the p^^^^^ 
After light showers during the growing season, considerable moisture is 
retained on the leaves where it evaporates. A wide furrow spacmg and 
considerable exposed ground surface may result in excessive surface 
evaporation • 



49 KSTCrf"'"" 

3 o— 



Effect of CHmate on Consumptive Use 

Variations in consumptive use occur from day to day because of 
changes in weather, A hot, dry, windy day will increase the rate; whereas^ 
a cool day will decrease the rate of consumptive vise • Because of many 
variables, means of characterizing the effect of climate on evapb -transpiration 
are highly inadequate. Exposure, height and color of the leaf surface are 
all important. 

Table 10 shows sbrrie consumptive use figures for various irrigated 
crops. These are average figures but should be within ten percent of the 
requirements for most areas . 

TABLE 10 



CONSUMPTIVE USE OF WATER BY MAJOR IRRIGATED CROPS 

UNDER SEMI -ARID CONDITIONS 
-(Jxi^ Inches Per Acre) 



Crop 


Ave rage 
Daily Use 


Mean Monthly 
Consumptive 
Usq 


Peak Use Per 
Day at 
Flowering 
Stage 


Seasonal 
Consumptive 
Use 


Wheat 


0. 13 


4.0 


.25 


17.0 


Paddy Rice 


0.23 


7.0 


.32 


35.0 


Sugar Cane 


0.30 


9.0 


.45 


110.0 


Cotton 


0.20 


6.0 


.28 


30.0 


Potatoes 


0. 13 


4.0 


.22 

1 


19.0 


Beets -Sugar 


0.25 


7.0 


.30 


40 .00 


Com 


0. 17 


5.0 


;25 


25.00 


Grain Sorghums 


d. 13 


4.0 


.20 


20.00 



It can be seen from tSe above Table that 9ie peak use of most crops 
is quite high. Wheat has a peak use period from the late flower through the 
soft dough stage. During that tirne , wheat must have 1/4 of an inch of water 
per day for satisfactory yields. It is a simple rinathematical procedure to 



dete^imne how often one has to replenish a given amount. of wsc&r in the^ 
soil; fable 11 shows again the soil types , tiie amount of water needed to 
bring the soil moisture from 50 percent up to field capacity ; fee peak 
consumptive use per day, and the frequency of irrigation needed. It would 
not do to over irrigate heavier clay type soils with the idea that one can 
reduce the frequency. The noil will hold only so much water and no more . 
Water in excess of 100 percent of field capacity will be lost to the lower 
strata of the soil and may build up a water table . 

There are ho averagej , as for instance , water application every 
20 days , in the specifics of irrigation. One cap find averages^, but farmers 
should not be bound to them. Soils vary, crops vary , dates of seeding 
vary, and methods of seeding^ and methods of irrigation differ wi^ the size 
and shape of the field. The most important factors are the soil moisture 
retention capacity, depth of rOOt zone , and crop consumptive use<. To do 
an adequate job of irrigating, the soil, crOp , and water mxist be closely 
interrelated. 

TABLE 11 



FREQUENCY OF IRRIGATION OF WHEAT 



Soil Type 



Inches of Water 
Ne eded 



Peak Use 
Per Day 
Acre Inches^ 



Days Between 
Irrigations 



Clay 

Clay 16am 
Silt loam 
Silt 

Sandy loam 
Sand 



4.5 
4,0 
3.5 
3.0 
2.5 
2.0 



,25 
.25 
.25 
.25 
.25 
.25 



18 

i2 

8 
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UNIT B - WATER MEASUREMENT 

Correct application of irrigatidri water is of the utmost irtipbrtahce 
First, the crops should be supplied wiSi an adequate amount of moisture. 
Under irrigating can severely affect crop yields. Over irrigating must 
also be avoided as a matter of economics as well as erosion control. Jn- 
creased use and value of available water, in areas of short supply or where 
the use of available water has not been developed > makes an understanding 
of the methods of water measurement necessary. 



Much information has already been presented in regard to water 
requirements for plant growth. This information cannot be effectively 
utilized without the measurement of water. Oftentimes, a certain arndurit 
of water must be divided among multiple users on a common supply ditch. 
Some form of measurement nrrast be employed to be able to regulate the 
amount of fld;w td each party. 

Mg thods ^ • ^ 

— ' ■ — \ 
\ 

\ _ _ _ _ 

There are many methods employed in measuring of water. However, 

certain terms Ishould become familiar before any of these methods are dis- 
cussed. 1 

i 

There \&:re two units used in measuring water ~ -volume and flow 
rates. The fdlldwihg are the basic units used for nnbst calculatibhs: 

\. 

i . alscre inch = 27 , 154 gallons , or 3 , 630 cubic teet of water . 
This is the arnduht of water required to cover 1 acre to a 
dep^h of 1 inch . 



2. 1 acire fddt = 325,850 galldris , dr 43 > 560 cubic feet of water. 

3. i cu^ic foot = 7.48 gallons, or 1,728 cubic inches, or 62.37 
pdurids df water. 



4. i cub|c foot per second = 448.8 gallons per minute (gpm) 

5. 450 gpm = 1 acre inch per hour (approximate) 



6. gpm x\0. 002228 = cubic feet per second 



Pumfi discharge in gpm == acre inches per hdur 
450 



Tdtal acre inches pump ed = average depth applied in inches 
Number acres covered 



.41- 



52 



Irrigation efficiency inust also be considered when making irriga- 
tion calculations. This is, simply, the amoTint o£ water that reaches: the 
root zone stated as a percentage of total water applied, tosses from 
evaporation, deep percolation and runoff can be quite high^ There is no 
exact formula for determining field efficiency that will work in every 
instance. Field tests can be run to determine how rnuch water must be 
applied to get given quantities into the rOot zone area of th^ soil. A 50 
percent field efficiency is a practical 

- Floating Markej^ 

A very simple method, but one that does not give aN^gh degree 
of accuracy in measuring the rate of flow ^ is the "floating md^ 
estimate. It is useful when more costly installations are not 
or complete accuracy required. A relatively straight section of ditch 
with a fairly uniform cross section is selected. The lengfe of ditchi 
(generally between 50 or 100 feet) will depend on the current. Make> 
several measurements of deptii and width within the trial section to aVrive 
at an average cross section area in square feet. Stretch a string or tkpe 
across each end of the section at right angles to the flow. Place a smfell .. 
float ^n the ditch, a few feet upstrearti from the : start of the trial section. 
Record the time required for the float to pass through the measured section 
Make several trials to arrive at an average speed. 




ted 




FLOAT 



STRING AT RIGHT 
AHQLE TO FLOW 
job FT. APART 



FIGURE 4 

Calculating the flow of water using the float method; 
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To caicuiate the velocity in units of feet per second, divide the 
lorigth/of the section (in feet) by the time (in seconds) required for the 
tioat to travel that distance. Since the speed of the float on the surface 
of the water will be greater than the average velocity of the water, a 
correction factor, usually * 80 , is used. 

J'b obtain the r^te of flow, multiply this average velocity 
(measured velocity x .80) by the average cross sectional area. 

Length of trial ditch x . 80 x cross section area - rate of flow 
Time in seconds 

Wc irs y 

This rhethdd ri^akes use of a specially built construction of . known 
dimensions. A weir is a notch of regular form through which water rnay 
flow. TUey are classified according to the shape of this notch. Examples 
of weirs are: the Rectangular Contracted, the V-Notch, the Cipolletti, 
and the Rectangular Suppressed. 

.The weir, when properl/ constructed and installed, is one of the 
simplest as well as most accurate methods of measuring water. Under 
ideal conditions it will be accurate within two to three percent. Under 
most field conditions, accuracy within five to fifteen percent can be expccte 
By following simple instructions, a weir can be easily constructed and 
irj stalled: 

1. Sot the weir structure in a channel that is straight for a 

! distance upstrearn from the weir equal to at least ten times 

the length of the weir crest. 

2. Place the weir at right angles to the direction of water flow. 

3. Make sure the face of the weir is exactly vertical and the 
crest level so the depth of water is the same at all points. 

\ 

4. There should be no C)bstructions on the upstream side of 

the weir * * 

5. The crest of the weir, should be sharp - -not Ttiore than one- 
eighth of an inch in thickfie s s - - so that the water passing 
over it will touch at only one point. 
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7. 



9. 



10, 



11. 



Water should hot approach the weir at a speed over .5 foot 
per second. This may be accomplished by setting the weir at 
the end of a long pool 9iat is fairly wide and deep. 

The height of the crest of the weir above tixe bottom of Sie 
channel should be at least twice and preferably three times 
the depth of the water flowing over the crest. 

The distance from the sides of the weir notch to the side of 
the channel should be at least t>vice the depth of the water 
flowing over the crest. 

The length of the weir crest should be so constructed that the 
head to be measured exceeds two inches and the maximum 
head, preferably, is not greater than one -third the length 
of the weir crest. 

The weir should be constructed in such a manner that the 
water will fall freely below the weir, leaving an air space 
under tiio over -falling sheet of water, tack of adequate air 
space under the sheet of falUng water will cause a suction, 
drawing down the water surface and increasing the discharge. 

To prevent .-rosion, the ditch dbwhstream should be protected 
by loose rock, cement construction of the like. 




Measuring a head on a weir, 
the water surface. 



Measure upstream from downward curve of 
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The head of water is rtieasuf ed upstream from the crest where the 
surface drawdown cufve does hot affecttiie measurement. This should be 
done at a point upstf earn at least six times the depth of tiie head dri the 
weir. A stake driven into the pool this distance upstream from the weir, 
with its top level with the weir crest, will make for easy observations. 

Rectangul ar Cont racted Weirs 

This weir takes its name froTxi the location and shape of the opening 
through which the water flows. It was one of the earliest forms developed, 
but because of its simplicity, ease of construction, and accuracy, it is 
still one of the most popular. 




AR CONTRACTED 



WEIRS 

FIGURE 6 
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V -Notch Weirs 



The 90 degree triangular, or V-Notch vveir , has a ^;reater practical 
range of capacity than other types. This type weir should not be used when 
substantial he^d tSss cannot be tolerated. Its shape makes it very easy to 
construct and it is very accurate at low flows. 

C T p r> H g^tl _W" o i r s 

In this ti-apezoidal weir, the sides have a slope of one horizontal 
to four vertical. It is widely iKsc>d because the discharge is believed to be 
dirc^ctly prbporHbnal to the length of the weir crest. 

Appendix Tables ii , HI, and IV give the flows for these weirs in 
vubic feet per sc-cbnd arid gallons per minute. 

Ir'ar shall Flume 



Because of several distinct advantages, the Parshail Flume is 

being used quite widely, it is self -cleaning , requires drily a small amount 
of drop or head loss in the stream, and perinits quite accurate rneasure^ 
rricrU. The discharge is obtained by rrieasuririg the loss in head caused 
by forcing a stream of watex airough a throat vdth a depressed bottom. 
Since the size of the head is small upon which measurements are based, 
ca I e should be taken in determining the differences of water level. The 
flumes also have to be constructed with specific dimerisioris and the 
measurements taRen at desigriated point 3 . 

Trajectory Method - 

This method determines the rate of flow dischai-ging from the 
end of a pipe . Knowing the dimensions of the pipe ,_ tile tra jector 7 of the 
water is measured as it emerges from the pipe. These figures are theri 
applied to the appropriate tables to determine the rate of flow in gallons 
per minute . 

Wate r ^Flowing Through Pipes 

A number of devices have been manufactured to give accurate 
.measurements of water flow through a pipe . Among these are the Venturi 
tubes, the Cblliris Flow Gage, and the Cox Flbwmeter. Sirice most of 
thes : Measure the velbcitsr at Only one point in the cross sectior bf the 
pip-, there are different procedures for obtairiirig the mean velocity - The 
siraplest method is to measure the velocity at the center bf the pipe where 
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velocity is the highest and apply a coefficient to find the mean velocity. 
Precise measurements are not possible with this method. 

The dye method is good for dete rrhiriirig velocities in pipe lines i 
A small quantity of the dye solution is injected ihLb the water at the intake 
of the pipe line or at some point along the line. The time at the instant 
the coloring matter is introduced and at its first arid last appearance at 
the second point of observation, UBUally at the outlet of the pipe , i s noted . 
F'rom the time data and length between points:, the velocity of flow is 
cdnipute tl . 

Velocity or current flow meters are often einployed on water 
lines. It is a small instrument containing a revolving wheel or vane that 
is tLirned by the current. If calibrated correctly , these instruments have 
the added advantage of eliminating computations in volume determinations 
Meters subject to c^'.ogging should never be used on pipe lines receiving 
v/ater from open ditches. 



\ 
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Freeboard 



Partly Full Pipe ^ 

Note: Unless pipe is full or nearly so, merxaure ordinates on mid-linfi 
of jet as shown. 



FIGURE 7 



How To Measure Pipe Flows 
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TABLE It 



DISCHARGE FROM PIPES FLOWING FUtfc 
!ii r;sllo:,:i Pe r Minnte wit-.h Ve r tical Drop "Y" = 13 Inches 



Pipe Size Horizontal Distah.:e "X " 



ERIC 



Inside 
KHa mc ter 


S q . In . 

Area 


12" 


14" 


16" 


18" 




22" 


2A' 




3.14 


38 


44 


50 


57 


63 


69 


75 


? IP" 


4.91 


59 


69 


79 


88 


98 




118 


3" 


7.07 


85 


99 


113 


127 


141 


156 


170 


4" 


12 .57 


151 


176 


20 1 


226 


251 


277 


302 


5" 


19 .64 


236 


275 


314 


354 


3^13 


432 


471 




28.27 


339 


396 


452 


509 


565 


622 


678 


7" 


38 .48 


462 


539 


616 


693 


770 


847 


924 


8" 


50 .27 


603 


704 


804 


905 


1 ,005 


1 , 106 


1 ,20 6 


ci * i 


63 .62 


763 


891 


1 ,0 18 


i , 145 


"1 ,272 


1 >400 




10" 


78.54 


942 


1 -, 100 


1 ,257 


1 ,414 


1 ,571 


1 ,728 


1 ,885 


11" 


95 .03 


1 , 140 


1 ,330 


1 ,520 


1,711 


1 , 90 1 


2,091 


2 ,281 


IZ" 


113. ID 


1 ,357 


1 ,583 


1 ,809 


2 ,036 


2 ,262 


2 ;488 


,714 



TABLE 13 

APPROXIMATE FLOW FROM PARTIALLY FULL PIPE 
Rate of Flow in Gallons Per Minute 



Y Inside Diameter of Pipe "D" in Inches 



D 




6 


8 . 


10 


12 


0 . 1 


142 


334 


579 


912 


i ,310 


0.2 


128 


302 


524 


825 


1 .185 


0.3 


112 


2 64 


457 


720 


1 ,034 


0 .4 


94 


222 


3 84 


605 


868 


0.5 


75 


176 


305 


480 


689 


0.6 


55 


130 


226 


355 


510 


0.7 


37 


88 


152 


240 


345 


b ;8 


21 


49 


85 


134 


194 


6.9 


8 


17 


30 


52 


74 


I .0 


6 


b 


0 


0 


b 
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JJNIT C - IRRTGATION WATER CONTROL 



A well desigheci irrigation system vdciivers the required amount of 
\va\:of to all parts of the area to be irrigated at the required rate \^ithout 
damage to the soil or excessive loss 6i water. It is acceissible and easy to 
operate without obstroctiiig other farming operations. Many factors affect 
the design of such an irrigation system. Such factors as soil, crop to be 
irrigated, topography, water supply, existing facilities, etc., should all 
he studied cart'fully. 

1 . WATER REGULATION IN DELIVERY CHANNELS^ 



Conveyance of the water from the e^oarce to the field is of primary 
^tincern. Irrigated lands arc often located great distances from the source 
(V( {iioir water supply. Depending on its source, water is sdrnetimes con- 
veyed several hundred miles to its area of use. The quantity of irrigation 
water required for any particular period should equal or exceed the gross 
irrigation requirernent for that period. To this arribuht should be added 
any water reqtlired for leaching, temperature control, or frost control. 

In addition to the total amount of water required, rate of delivery 
is an important: factor in designing and operating an irrigation system, 
irrigat on water must be made available to each part of the farm i rrigation 
system at a rate and elevation that permits proper operation of the selected 
methods of \vater application, irrigation water must be conveyed as eco- 
nomically, efficiently, and reliably as possible. 

Conveyance facilities generally are either open ditches with all the 
hec<?ssary structures or closed conduits; They must be accessible for 
opc^ration and maintenance. Ditches that carry irrigation water from the 
source of supply to one or more farms are known as canals or laterals. 
They r^ro gf^nc rally large arid usually permanent installations. Field 
ditehes convey water from the source of supply to a field or fields within 
the farm unit. They also should be permanent installations. Head ditches 
are used to distribute water in a field for surface irrigation. They are 
]aid out at the high end of the irrigation run and are generally pe rpehdicula i- 
to the direction of irrigation. Head ditches can be permanent or recon- 
str\icted each year. 

Ditches work best in clay or clay loam soils since seepage is 
usually less and ditch banks cire more stable. Open ditches can carry 
large volumes of water and have a low cost per volume of water carried. 
They do have some disadvantages if unlined. Losses frbrh seepage and 
evaporation can be high, weeds and animals can cause trouble, and they 
take lap valuable space . 




/ 

1- V/Al' ER REGULATION IN FIELD '"!iA^IblKLS_ 

Distribution control structures are required for eas- and accurate 
distribution of water to variocB fields on the farm. Selecting the proper 
kind of water control structure and locating it properly is an important 
part of planning a farm irrigation system. 

Headgates 

A check Of headgate is built across laterals and ditches for ihe 
purpose of diverting part or all . - the stream. Its function is to regulate 
the quantity of water flowing Into the small lateral , the field ditch , or the 
furrow. The amount of opening in the check gate regulates tiie amount of 
water turned into the field. This is done one of two ways; mechanically, 
by means of a screw or a series of gears, or by inserting or removing 
wooden boards to increase ot decrease the opening in the headgate . 



TABLE 14 

A guide to the approximate amount of water that can pass 
through a certain size gate cpcaing assuming a range of 
velocity from 1.5 to 3.0 feet per second. 



Flow Capacity 

Gate FJ-sme ^ cfs . gP™ 



18 X 12 


1.0 




2.0 


456 




900 


18 X 18 


2.0 




4,0 


900 




1 ,800 


24 X 12 


i.5 




3.0 


575 




1 ,350 


24 X 18 


3.0 




6.0 


1,350 




2 ,700 


24 X 24 


4.5 




9.0 


2 ,050 




4 ,050 


30 X 18 


3.5 




7.5 


1,575 




3,375 


30 X 24 


5.5 




11.0 


2 ,475 




4,950 


30 X 30 


7.5 




15.0 


3,375 




6,750 


35 X 24 


6.5 




13.5 


2,950 




5,075 


36 X 30 


9.0 




18.0 


•4,0 50 




8 , 100 


36 X 36 


11.0 




22.5 


■ 4,950 




10 , 125 


42 X 42 


15.5 




31;b 


6,975 




13 ,950 


48 X 36 ■ 


15. D 




30.0 


6,750 




13,500 


48 X 48 


sl.O 




42.0 


9,450 




18,900 


60 X 48 ■ 


26.0 




52.0 


11 ,700 




23 .400 


72 X 48 


31.5 




73.0 


14, 175 




28,350 



-52- 




Ail important feature "is to set the posts of the structure to a 
depth of at least three feet to hold the structure firmly in place . It is 
also important to build cut off walls and wing walls sufficiently into the 
bed of the canal to prevent washing under the structure. 

Checks 

Checks consist of only a single wall built at right angles to the 
stream or canal. A notch through the center provides a passage for the 
water when not in use. GroGves in the wall, into which flashboards can 
be fitted, provide for checfing of raising the water surface when desired 
for diversion. 

To protect the channel against erosion, a heavy rip-rapping of 
rocks should be placed oh the lower sxde. Sufficient cement should be 
used to make a durable structure. Too much economy in the mixinjre ov 
in the dirnerisirris of the structure may result in total loss. 
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3"' DITCHES AN D DELIVERY -S^RIiCTU RES 

Metal tapodns are o^ten used as checks in di stributioii ditches . 
These can be used with fair accuracy to measure the flow of water as well 
as to divert it. Because of the weight involved, they are not usually used 
"in streams deUverinf. more than five cubic feet per second as they become 
too burdensome to ca-ry about the field. These checks are usually forced 
into the sides and bottom of a ditch on a slant and held in place by the 
weight ot the water. Equipped with an adjustabie weir -type gate , l-. y - a.: 
be used for mear-uring of water since the opening tlirough which water 
passes has fixed dimensions. 

T^cSrtable metal dams are xised successfully for small ditcht ? 
in soils that do not erode reacUly . ^ey consist of a half circle or triangle 
shaped piece of heavy gauge metal, reinforced across the top and usually 
with a single metal rOd through the center that is forced into the bottom 
of the ditch . 

Canvas and plastic dams are used to divert streams as large 
as eight CFS or more, although streams of two to three CFS arr more 
commonly diverted by using these portable dams. A heavy, durable 
canvas or plastic is necessary to stand the water pressure and prevent 
excessive leaking. 

This type of dam should measure about four feet wide and six 
feet long , but may be larger fOr larger ditches. The six^fbbt side i^s 
fastened to a ten-foot 2 x 2, 2 x or a pole which may or may not be 
hinged in the middle, depending on whether some Water is to be allowed 
to bypa s s . 

This kind of check is usually put into place before the water 
reaches the point of diversion. It is laid in the ditch with the canVas 
extending upptream and the pole spanning the ditch and resting on each 
bank. Some soil should be thrown on the edges bi the dam to hold it in 
place • - 

If the pole is hinged in fte middle, the plastic Or canvas check 
becomes a bypass dam. By enlarging Or reducing the angle , more o^r less 
water is allowed to flow over the dam. It is possible in this way to divert 
water onto the land and at the same time permit some to flow past the ^ 
diversion to lower sets in the field. The same action can be acquired by 
using a sack arrangement on a canvas d^.m , in which the opening of the 
sack is enlarged or reduced to allow water to flow past. This type of 
arrangement is particularly suited to the irrigation of row crops where 
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siphon tubes or spiles are used as turnouts and the water ievel in the 
ditch must be held at a uniform level to operate them. 

It is often necessary to build dams arid checks from inexpensive 
and local materials to divert streams. A structure using alternate layers 
of rock, brush arid riative logs may be built with little if any cash outlay - 
The dam is built by placing alternate layers of rocks arid brush, backed 
up with earth fill, with each layer set back to give a stairway effect to the 
spillway. The gerieral slope of the fill bri both sides of the dam should be 
two feet of run to one foot of rise • 

The crest or top of the dam should be built high eridugh to divert 
tlic correct amount of water when the stream is low. The diversion channel 
sh(>uld be protected with a headgate so that the amount of diverted water 
may be controlled. At the lower erid of the spillway, the chaririel should be 
heavily rip-rapped the full width for a distance of four to six feet. The 
headwall, sidewalls , and wing walls are constructed of logs, notched and 
tied together at the cbrriers for strength. 

This type 6f ^itiucture is to be recommended wherever brush, 
rocks, and logs are available cbriveriierit to the site. Siricc these materials 
arc cheap, tliey should be used in liberal proportions. 

Drops 

Drop spillways or pipe drops conti oi ditch velocity by lowering 
the water abruptly frorri brie level to a lower lisvel. Because of the erosion 
hazard on excessive slopes, drop structures are installed to alleviate cbri- 
tiriuous deepening of the channel. These drops can be and often are built 
into a check or divisibri bbx. 

A drop spillway is a weir. Water flows through the weir opening 
in the headwalls , drops tb a riearly level aprbri spillirig basiri or to a lower 
level, and then tiows into the downstrearn section of thc^ channel. Fbr 
small drops , a simple apron usually is adequate (see Figures 8 and 9) . 
For higher drbps br bigger streams, sbrhe type of eriergy dissipater 
mtist be provided. Dimensions for these types of drops are given in 
Table 15. 

i^arge open drops are usually built of reinforced concrete. 
Smaller drops can be made of concrete, rock masonry, rot -re si s tant 
lurriber, or steel and aluminum treated agairist cbrrbsiori. 

A pipe drbp is a sectibri cf pipe with "a riser equal to the ri' quired 
drop. A fill must be built across the ditch to direct water through the pipe. 
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corrugated metal pipe d^bps are frequently used as are aiscaraeu u..^ 
ba^?el8 witii both ends removed aSd welded end to end until the desired 
length is achieved. Pipe drbpS are eBpeciaiiy suited to small ditc_he^ • 
The fill across the ditch may be widened by adding extra pipe so that a 
road Efossing is provided if needed; Pipe dr-ops are more ea^sily plugged 
by trash than are weirs. Earth fills arqund pipe drops should be inspected 
frequently to protect against damage by burrowing rodents. 

Small temporary drops under very small stream flows can be 
built ;.'.to t^n>-.c.-ary ditcher by uning a plastic liner to lower the water 
from one elevation to anotlier. Frequent inspections should be made to 
make suic the lining is kept in vV^ce and is not punctured. On larger 
flows . the plastic should be -r ored with gravel. All vegetation, rocks, 
and odier abrasive materials should be removed from the area on which 
the clastic is tc 5 placed- 



TABLE 15 

DIMENSIONS OF DROP STRUCTURES IN RELATION 

TO "ditch capacity 



C " v ' city of 
Dxtci- in CFS 


Width of 
Opening (W) Ft. 


(H) In. 


(C) In. 


(A) (B) (E) & (F) 
Ft. 


2 


1 


12 


6 


2 


6 


2 


12 


h 


2 


8 


2 = 1/2 


15 


6 


2 


10 


3 


18 : 


8 


2-1/2 


14 


3-1/2 


18 


8 


3 



Liength of Apron 



1 


2-1/2 


1-1/2 


3 


2 


4 


3 


6 



SB 





FIGURE 9 



Wbbdeh Drop Structure 



4, DKI ^ERX FQM. FURROW IRRIGATION 

Spiles or turnouts are boxes or tube -like structures in the bank 
of a head ditch one to foar inches in diannetei that provide and control the 
flow of water from the head ditch into cor^ugations or furrows. They are 
used at places where the'head ditch is nearly flat^ They usually have some 
type of a simple slide gate to regulate the flow. They, must be long enoaph 
t6 extend through the ditch bank and should be equipped with an anti-seeP 
collar and a slide gate. 

rhe water elevation in this ditch section can then be controlled 
by a t;hv-ck; The water should be maintained high enough over the spile 
optmings to produce a full flow when desired. 

Spiles made in the shape o£ a T have also been used successfully. 
The stem of the T is buried in the bank with the open end free to take water. 
The cross arm lays across several furrows and discharges water into these 
furrows from holes in the pipe. The flow is regulated by a slide gats in 
the intake end of the stem. Figure 10 illustrates this type of sp.Ue . 




T - S P I t. E 



•s riScd not be expensive, but e conomical, and proper use of 
wate- should he kept in mind. The simplest and most convenient device _ 
is desirable as long as it is substantial. A watertight gate or plug should 
be provided for the inlet. Clay pipe tiles, metal pipes, iron pipe or 
casing, or cdricrctc pipe are all usable. 
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In developing countries, cost of spiies or turnout pipes are of t^m 
prohibitive; Short lengths of bamboo have been fdUnd to serve the purpose 
very well. While bamboo has a hollow Internode, the node of the plant is 
solid. This must be punched or drilled but before it can be used. 

Siphons 

Siphons are used to deliver water from a supply ditch, over the 
bank and onto the land. They permit easy control of water and eliminate 
cuttiri^^ of ditch banks. They are particularly adaptable to the furrb\v 
n-i(»thod of irrigation. Good, well-shaped ditches with sufficient ditch 
hnight are essential. 

Siphon tubes are made commercially and are available in metal, 
pl,.-:tir and rubber. Sizes used for row irrigation vary from 3/4 inch to 
two inches in diame»-er. Small tubes are recommended for heavy soils 
and steep slopes. 

Water flows through the tub- by the force of atmospheric pressure 
on the water in the ditch. One end of the tube is placed in the ditch. The 
ot^ r end is placed outside the ditch at or near the ground surface and 
must be lower than the water level in the ditch. The tube must be com- 
pletely full of water for flow to start. 

Mow to Set a Siphon . 

1 . Insert siphon in irrigation ditch arid fill ii complet-iy with 
wate r . 

a. Be sure "field end" or long ertd is pointing toward field. 

b. Keep "ditch end" or short end of siphon immersed. 
("Pumping action" rnay be used to fill siphon.) 

c. Wheri siphon is full, put hand tightly over "field end" 
of siphon . 

Z . Lift "field erid" of filled siphon from ditch . 
a . Do it quickly . 

b. Hold hand firmly over "fiel-I end". 
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Ci Be sure "ditch end" of siphon is below water surface, 
d. Drily lift siphon high enough to clear ditch bank. 
Quickly inbvie filled siphon toward field. 

a. Keep hand tightly over "field end" of ^iiphdh. 

b. Be sure 'ditch end" of siphon stay^ in water at all times 

tower filled siphon over ditch bank and ren;.ove I r nd from 
'Afield end". 

Be sure siphon is lowered before terr '^ving hand. 



a « 

h. "Field end" of siphon must be lower thrn the water level 
of the ditch . 

c. Keep "ditch '-nd" of siphon in water at ?ill times . 
Set siphon firmly on bank. 

a. Brace /ith soil if nec-ssary to prevent si^ding. 

b. "Ditch end" should be several inches below water 
surface to allow for slight lowering of wnter level 
in ditch. 



-60^ 



/ 






SUBMERGED FtOW - Outlet is submerged 



FIGURE 11 



Two methods of installing spiles or pipe outlets in head or feeder ditches, 

^61- 71 



ERIC 



One of the difficulties which is apt to happen is air getting into 
the tube from the discharge end after the water starts or during Uie prii^^^ 
process. When this happens, flow is restricted. With plastic tubes, you 
can see th^, air bublle at the top of the curve, but in rhetal, black plastic , 
oi- i-ubbei- tubes, this is not possible. If it looks as if the flow should be 
greater, it is best to reprime the tube; 

The rate of flow through a slphbr, depends on its diameter and the 
pressure head. The head is J vertical distance from tlie water surface 
in the supply ditch to the //a^rr surface on the outlet side, as shown in 
Figure 12. below. 




Solder all ioints 

and seams air tight. 3/4" I. 3" Diameter 

(Viilane Technology HaridbddL No. 2. USAlD) 
FIGURE 13 



Siphon Tube Construction Details 
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Cbmmerciaiiy made sijphon tubes wiii probably be too experipive 
for the peasant famer in developing countries. Figure 13 shows the dimen- 
f-ions of a siphon tube whicil can be made by a Ibcal artisan. Care should 
be taken that the seams are well soldered so no air leakage occurs . 



TAiilvE 16 

RATE or DISCHARGE 11^ GAJ.tONS PER IvlINUTE 
FROM SIPHON TUBES OF VARIOUS SIZES 



Head 
In Inches 






Size- of Siphn 


jx Tube 




\ " 


1-1/4" 


1-1/2" 


1-3/4" 


2" 




5 


8-1/4 


13 


17 


21 


4" 


7 


12 


• 

19 


25-1/2 


32 


gi, 


9 


15-1/2 


2'. 


32 


41 


gii 


i I 


19 


29 


'■9 


50 



\ 
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UNIT D - DRAINAGE 



Drainage is the removal of excess water from the land to prevent 
salt accumuiatio:: , allow earlier planting of crops , increase the root zone , 
aerafe the soil, favor growth^ of soil bacteria, and for reclamation of arable 
low lying or swamp areas . Practically every valley where irrigation has 
been carried cn for any considerable length of time has lands in need of 
drainage. Several classes of land in irrigated sections require artificial 
drainage in order to be fitted for crop production. Man-made swamps, the 
product of irrigatiori, constitutf- ^h'=? greater t area in need of drainage. 

Ail plans that are developed for introducing water to land, either as 
a supplemental supply of for new irrigation, should provide for removal of 
excess water from the land. 

Drainage problems are usually made apparent by: 

1. Standing water or salt deposits on the surface of the ground. 

2. Scalding of crops by summer water ponding. 

3. Propogatibh of mdsquitbes in irrigated fields. 

4. Soil compaction and resultant poor water penetration- 

5. Dilficuity in: carrying on farm operations because of poor 
tractor footing. 

6. Accumulation of salts in the soil. 

7. Poor root gro wth due to a high water table : . 

8. Plant root diseases. 

9. Development of uneconomical plant c brn muni tie s . 

In general, there are twb main types of irainage situations; 
surface and subsurface. 

S urface Drainage 

Surface drainage is affected by topogr iphy and vegevatibri . Excess 
irrigation water must be ren^oved tb alleviaL-. ponding and water logging of 
the lower parts of the field. Storm water must find its way intb a drainage 
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channel in such a manner that erbsibri is controlled, but soil aeration is 
rioi: -rihibited. On some drainage projects; open drains are used to convey 
water to distant outlets. Because cf the high cost of construction and main- 
tenance , the inconvenience in movement of machinery, and the value of 
land removed from production, open ditch drainage is e xpensive and often 
inconvenient, but it does have a place in maiiy systems. The open ditch, 
as its name implies , is merely a waterway cut into the soil so that it will 
receive drainage from adjacent laiids . 

Excess rainfall can be controlled and disposed of by terr^ ces and 
diversions leading to gras sed waterway s . On flat land where there is no 
erosion hazard, shallow surface drains are used. 

Tail ditches generally are shallbw open drains large enough to 
carry away irrigation waste water and storm water runoff. Stbrrti runoff 
generally governs capacity. The grade of these ditches should be governed 
by the soil's resistance to erosion. Banks bf these ditches must be pro- 
tected frbrtl erosion by surface water inlet structures or by establishing 
vegetation on flattened slbpes. 

A cbmbination of field ditches and land levelingVbuld be mbst 
practical. It would take an unreasbnable amouirt of field ditches to do a 
good job of mo-wring water from most fields withbut land leveling. Deep 
channels to carry the final collection into ah accepted area are often cbn- 
structed or field boundaries. 

Subsur f ace Drainage 

Subsurface ai-ainag- requires a thbrbugh s'.udy of subsurface 
conditions. Vest pits , borings , and permeability tests perrnit eva3ua:ion 
of the ii ternc^l drain^ige capacity bf ttie soil, Borii.gs are commonly u^ed 
tb determine depch and flu ctiaations of the water table , depth of and thick- 
ness of the substrata, and to ascertain the character bf the substrata. 

The firsc step in solving a drainage problem iJ? to determine the 
source , directibn of movement and amount of excess water. An important 
factor is the permeability br hydraulic conductivity of the soil --which 
means the. rate of movement of water through the soil. Excess ground- 
water must be removed by either ^eep open ditched or tile tb provide an 
effective root zone depth. Tile drains have been found much more practical 
than deep open ditches. 

The two 'general n-ethod.^i fbr removing excess water are by inter- 
ceptor drains or relief drains. The ap,.ropriatc methbd to use depends 
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primarily on the flow characteristics of the watery the topographic features 
of the area;, along with the subsoil conditions. 

it is always a good idea to intercept 9ie excess water before it 
reaches the point where damage occurs. For this r<3asbh, ah interceptor 
drain should be placed to intercept and remove water before it reaches 
the point of damage. lil tYAs case , the tile should be placed as deep as 
possible in order to intercept the maximum amount of water flowing 
downsiope , 



Relief drainage systems are installed in either a systematic or 
random pattern within an affected area. These laterals drain water to a 
main line which in turn discharges it into a trunk drain. Lateral tAe 
lines are placed parallel to the direction of groundwater movement and 
often are arranged in a gridiron or herringbone pattern. 

Soil Salinity 



• When salinity in soils becomes tod great for efficient crop produc- 
tion, it must be removed or the land must be abandoned. Saline soils a^'e 
soils having excess soluble salts that make the soil solution isufficiently 
concentrated tc injure the plants and impair sx)il prOv-^uctivity . One of the 
first effect3 of soil salinity is the inability of the plant to absorb enough 
water due to an increase in the osmotic pressure: in the soil sdlutidxl. 

. __ _ 

Arid region soils contain relatively large ^mounts of soluble salts- 

In the more humid regions , these salts have been leached out by rainfall. 

The small laihs of the arid regions do hot penetrate far enough into the 

soil to cause percolation of these salts, Lack of percolation, along with 

excessive evaporation, causes an accumulation of soluble salts on the soil 

surface that are injurious to plant life. The basic cause of salinity piro- 

blems is usually inadequate application of water and/or poor draira[;c , or 

the application cf water having a high concentration of sojubie salts. 



A hig^h concentration of salts in the soil may result from a high 
water table. During periods between irrigations , a high water table favors 
the upward capillary flow of water to the land surface where the water 
evaporates. The soluble salts carried by the upward moving water cannot 
be evaprtfited; hence, they are deposited on or near the soil surface. 

The most effective method for the removal of salt from soil is 
by means of water which passes through the root zone of the soil. To 
prevent salt accumulations , and consequent decrease in crop yields 
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irrigators must remove as much Salt as is brought in. _^_^o^^ ^^^^^ 
limited supply of irrigation wa'-er is spread over too many acres , with the 
result that the soil is not wetted below a few feet. In other areas . the _ 
groundwater table is so shallow as to prevent the leaching of salts from the 
root zone. Upward flow of water from these shallow Water-tables results^^ 
in a continuing accumulation of salts in the surface soil . If it we re pos sible 
to maintain a moisture distribution in irrigated sOils so that the water flow 
would be continuously downward, there would be relatively little trouble 
from salinity . 

Adequate drainage is of extreme importance for either reclamation 
of saline lands or the maintenance of lands free from salinity. It is usually 
essential that water volumes in excess of crop requirements be applied to 
saline and alkali lands and be made tO percolate through the soil to leach 
out excess salts. Salts dissolve in the water passing through the soil In 
all cases, water must pass beyond the root zone to remove excess salts 
from the rOOt zone. Therefore, leaching is impossible without natural or 
artificial drainage . 

Application of water to assure that all the surface is covered , even 
if ridges and knolls must he leveled first, should be pe rformed If the sub- 
soil is impervious , subsoiling must be done . Was^e water shOuJd not be 
allowed to run off but should percolate down through the soil. For this 
reason, a series of dikes and checks should be built so adequate ponding 
can be accomplished, each check h..ving as large an area as slope and ^ 
v-ter supply will permit. It should be kept in mind that excess; ,e leaching 
will alsolemove soil nutrients fro^n the soil, especially nitrates. Overuse 
Of irrigation water also adds to the drainage prcbiomr - 

Permanent reclamation of saline and alkali lands require several 
essential steps; 

1. IdweTxhg of the water table^, 
E. satisfactory water infiltration, 

3. leJ'.ching of excess salts but of the soil, 

4. intelligent future management of the soil. 

Some alkali and saline soils are low in availah>. :.hosphoroas and 
will givr better crop yields if phospha te iertilizers arc used . tiberally 
applying barnyard manure, plowing Under cover c rops , avoiding o. r^lowing 
or of oL-her farm Operations when the soil is too v .^t or too dry are all 
helpful. Keeping drains open and in good rex,ai: .nd ari^lyingomy enough 
water to assUre adequate penetration into hea-, -.iis . preventing excessive 
evaporation, are essential steps in maintaining permanent i. lief from 
waterlogging and a continuation of soil productivitv . 

7 " 6 p - 



Surface Runoff 



For the protection of roads, irrigation systems, buildings and 
fields , the iDaxirnum rate of runoff should be determined and allowed for 
in all drainage systems. Most drainage structures can be flooded for a 
short period of time , but peak rainfall intensities and runoff aata should 
be determined so that the system (bridges, culverts, etc) can be adequately- 
designed to hr^ndie the runoff. It may be more ? 'gnomical to design these 
structures on a 10 - 25 year recurrence expect s oy. This means it would 
be planned so it would only be exceeded once in every 10 - 25 years. 



as age : 



In calculating runoff on small watersheds , this formula has wide 



Q = CIA 



Q '-^ Flood peak or cubic feet per second 

C = Runoff coefficient 

I = Rainfall intensity, ii^ches per hour 

A = Drainage area in acres 

For a drainage area in a diversified farming area, the value of 
C is often tiised as 0.50. Some of the figures for C under varying conditions 
are as follows: 

0-5%^ Slope 10-30% Slope 

Cultivated land 0.60 0.72 

Pasture land 0.36 0.42 

Timber land 0 . 18 0.21 
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UNIT E - IRilIGATlbN PLANNING AND SPECIAL INFORMATION 

RELATED TO 

IRRIGATED CROP PReDUCtldN AND RELEVANT PROBLEMS 



1 . USING TOPOGRAPHIC MAPS FOR IRRIGATION PLANNING 

Ah b^ccurate topographic r^ap of th'i area under cdnsideratidh is a 
necessity for good irrigation planning. The size and shape of irrigated 
fields, direction of iffigai oti runs, locafion of ttirnouts and farm ditches, 
irrigation methods ^ size of ii'>.g2;tibn streams, and IvJCv^ticn of water dis - 
pos:.i systems ail depend upoii soil, topography ^ and *raincge systems. 

Several very important criterii should be considered in developing 
an irrigation layout: 

1. G^btain reasonably unxforr/'> application of water ox the required 
amounts . 

2. Soil erosion should be kept to a minimam. 

3. Runoff should be rhiriiriized. 

4. A rriihirriurri amount of land sho'^ld be u.'ied for ditches arid 
control strucfnres. 



5. Irrigation systems should fit on fiisld boundaries ic possible. 



Delivery channels, of cotrse , should be located at s^*ch an elevation 
that the water may be gravity fed to the fields , The layout should provide for 
sufficient water within each field.. Head difcHes should be located to avoid 
major slope or irrigation grade changes. These ditches she Id be con- 
structed with ciibugh grade for water to flow, but hot en mgh lor erosion to 
take place. 

The g;"neral "lay" of the land will dictate the local" jn of feeder o 
ditches, it is sometim::3 necessary to lay out borders and irrigation runs 
diagonally ?^cross a fi-reid. This makes irrigation somewnat more ixxficult 
because of varying length of ruh^ General overall slope 6i the Ir.nd will 
dictate this . 

Drainage channels for removal of waste water can also be located 
rrorn a topographic map. By visual observe tion of average slope, the 
rhb )t desirable direction of irrigation may be deterrhihed. 
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^itnough a soil map showing type and depth of soil is needed^ in 

c-.n^a...-,xon with a top;5graphic map. the mburit^f hccecsary earth moving 
l.i provide for an even grade may be determinea; As this is very expensive 
the field should be studied cafefully before wprk is started, it snould be^ 
determined that the soil is dee^p enough bef^le attempting tc level the land . 
Even sprinklers apply water more uriiforiT;ily to a smooth land surface. 

If the plan has been done well , /the irrigation system will deliver 
the amount of water needed to each fie;:d, will allow easy control of the ^ 
irrigation stream and apply irrigatio^ wate r with the least amount of labor, 
will permit an efficient use of the w^ter , insure adequate drainage and 
conserve the soil while incf easing ylts fertility, 

/ 

/' 
/' 



/ 

/ 

/ 



/ 
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Iri many instances , large areas of land are so isituate^^; that available 
water can. -bt be brought to them by gravity. In many of these areas , water 
is raised by some mechanical device from itsjiatural source so it will then 
flow by gravity over the surface of the land. Pumping is necessary for 
sprinkler irrigation. Pumping is oftentimes extremely important for 
drainage . 



The power units commonly used in irrigation are foot-pounds per 
second arid horsepower. One horsepower is equivalent to 550 foot-pounds 
per second. One horsepower would lift 1 GFS a vertical distance of 8.8 
feet at 100 percent efficiency. It would require 125 fodt-pdurids per s^cdrid 
to lift Z cubic feet per second of water a vertical distance of 1 foot. These 
figures are all theoretical because it is impossible to get 100 percent 
efficiency in a pumping unit. Average efficiencies of 70 - 80 percerit for 
centrifugal pumps and 70 - 75 percent for deep well turbine pumps are 
commonly found. 

The depth of wells varies widely. In some instances water is phly 
lifted a few feet, while in others , i*: is raised several hundred. iSost of 
raising the water should be carefully considered i^ deep wells. Use of 
shallow wells should riot be dverldbked fc ■ irriga^ibri purposes. 

Pumps used for irrigation purposes are/of mariy differerit makes. 
Iri general, they cari be characterized on the size of discharge iri relatirm 
to the amount of head. \ 

In deep wells , water is generally liftec/ with a turbine purap . 
Installations of as much as 1 ,000 feet below ground surface have been 
succossful. They are generally driven by an electric rndtdr . An irnpeller 
blade or series of blades positioned bri a vertical shaft in a bowl or bell 
housing is placed below the water. Being submerged, tihese pumps require 
no priming. High efficiency is dependent lipdri a close fit of the impeller 
blades agair>st the pump hbusirig. Because the operating parts are inac- 
cessible and difficult to inspect, low efficiency is common in this type of 
pump after a period of hard use . 

iSencrifugal r^amps are only used where the water must be lifted 
less than 15 - 20 feet. Their use is gdverried by elevatiori arid suscepiti- 
bi.Uty of losirig prime, 

.Ceritrifugal purnps are built dri both vertical arid hbrizbrital shafts. 
They have the advantages of being efficient, simply constructed, relatively 
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free of trouble, low cost, easy to i.^etaU; irid capable of high speeds. 
Their chief disadvantage is the necc vcf to prime the pump, or i° . 
the suction pipe and pump ca«e with water and thus expel all air. A_good 
foot valve is esoential' to hold the water in the intake line while it is filled. 
A good foot valve will also hold water in the liiie so that priming will not 
necessary each time the motor is started. 
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When only small volumes of water are required, a very economical 
method to use would be a windmill . Operating strictly on wind veloc^ity , 
windmills are capable of generating in excess of 1 horsepower in a 20 mph 
wind They are capable of lifting water , by using a foot valve and recipro- 
cating lift ^od, up to 180 feet. They are very useful in areas where wind 
currents are dependable and of sufficient velocity to turn the fan which 
generates the horsepower. 

There are several oilier types of pumps that caS be used to Hft 
watef short distances from streams, shallow wells , or storage reservoirs. 
Among these are the windlass, the endless chain and bucket ,^or the common 
foot valve and lift pump. A rather Unique device that is capable of lifting 
small ;irr.ount6 of water up to 66 feet is the continuous rope unit. Utilizing 
any source of power, it can be rriade from very cheap materials in a very 
small arribUrit of time. 

Animal power is often Used in a series of bucket lifts to raise 
water from a stream bed for irrigation purposes. 



3 . PIPELINES 

A method of conveying "water from its source to the fields is to 
fcpiace all or part of the open earth ditch with underground concrete pipe- 
line. The investment per acre is much higher than for open ditches , but 
the advantages are many. For example, labor is deduced and vater Ibsso: 
from seef>age and ditch evaporation are practically eliminat-.'d. Since pipe 
lines are costly, carei ^ planning is required for each location, capacity 
requirements, ard gooc: structiori requirements. 

1 V 



Pipe conduits can be used in most- places but arc particular!^ 
sU:l-<.. to areas where seepage losses are hig/U. Pipe can be used in areas 
that are difficult to excavate and to carry -"iter down steep slopes. Ecss 
titjal lc land is taken up and rnaihtenance in geneiai is less tlian for 

open cU tche s . 

Two general kinds of pipeline are used'-iow pressure and hi?h 
prt^ssure. Eow pressure lines are oper to the atrnbsphe re and are used 
with operating heads of less than 20 pounds per- square inch. High pressure 
lines are used where operating heads of more than 2.0 pounds per square 
inch are required. 

I pressure pipelines are used primarily with surface irrigation 
methods . is important that a pipeline be large enough to convey the flow 
needed in different fields under present and future conditions. If economi- 
cally feasible, it should be large enough to supply the water required duri.ig 
the period of peak crop use even though this full capacity may be needed in 
only a small part of the total lirigating season. 

High pressure pipelines generally are used to convey v^ater for 
-prinkler irrigation. Since sprinklers usually require 40 pounds per 
square inch or more of pressure for efficient water distribution, the 
pipeline inust be designed to withstand this pressure. 

Specialized strvictures are nee ^ed on pipelines to control water 
and to protect them against damage. ravity inlets are o. .en usee, to get ^ 
the water into the pipeline. This structure should include a sand trap and 
trai'^h scieen so that full pipe flow is developed and trash is kept out. I-" 
water enters the pipeline from a pump,*a stand should be used. A pump 
stand is a vertical pipe extending above ground from the pipeline to permit 
overflow from excessive pressure, and to allow release of air invoiv-d 
in the pumped stream. 
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Vents to relieve presnnre and release cxir are ub- HigK point 

of a pipeline, at points where its slope sharply increases i direction of 

flow, or below aiiy structure tnat entrains air. By allowing ai r tU escape, 
vents permit a pipeline to carry more water, relieve surges, and prevent 
(larria^e to the line' when gates or valves are opened or closed. 

The usual flow control structures are needed in a concrete pipeline 
ib regulate the flow into branching lines, and to relieve pressure, as veil 
as furnishing an outlet for the water where required. 

Outlets in concrete lines usually consist of risers built liorr 
vertical actions of pipe, which are saddled onto the pipeline and aLt^i.hed 
to it with waterproof joint. Some kind of a valve or gate is installed in 
the riser to regulate discharge through the hydrant. 

Alfalfa valves are used to distribute water directly to border 
strips , basins , or ditches . An alfalfa valve consists of a handle and cap 
plate attached to tlxe threaded rod that moves up or down as the handle is 
turned. Wheri the valve is closed, the cap plate fits the edge of the valve 
case i makes it water tight. When the plate is lifted by turning tne 
han "ter is reie sed frorn all r" ''es of the valve. 

r chard valves are quite lar to alfalfa valves but are used if 

a sn)aiier flow is acceptable. It i^ ossible to place s.'n. addlticnal 

hydrant over this type valve to deliver water into surface pi.^es r^- ditc^ies . 

Capped risers are often found in these types of water .s ^ £ti:,iiiS . 
In this type , the top of the riser is capped, slide gates are installed on 
the outside of the riser , arid flow is controlled by adjusting line pressure 
and slide gate openings. This type of outlet is used only in i7~rigating 
orchards arid peimanent crops where small flows are distribute ! to the 
individual furrows. Capped pot outlets is hould not be used whe r^: the 
pressure will be more than one to two feet above grburid surface. 

I . T -yp r, >itches 

Open ditches are th- mos*- common method of carrying irrigation 
\va'*:er , but many are not efficient. Iri porous soils , uriliried ditches lose 
corisiderable quantities of water by s^epafre. Soil permeability probably 
is the most important factor. Losses ar.: greater if the wat-r is carried 
a long distance. Vegetation along a ditch cbritributes to water loss through 
CI anspiration . occpct^c ina^ 0.2 ^^m«-..g*-. o.«^j^^ -.^-aava^^ --5^ — 
water table. Grade control s»:r;.ctures are required in ditches li ^'he flow 
de^'elops an erosive velocity. 
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Ditch linings can be effectively u^ed to control seepage and bottom 
and bank erosion • For any given f low > liiied ditches can be smaller than 
uriliried. Lining protects land against wate rlogginfr . prevents some damage 
by rodents arid reduces cost of maintenance, cuts down on interruption cf 
delivery, and helps in the control of weeds , 

Selecting a lining material should be g.^ve^ried by the availability 
of the rriaterial and equipment needed to install it. ditch size, climatic 
conditions, etc. Many kinds of rriaterial are used which include concrete , 
rock masonry, brick, natural ciays cf low permeability, arid different 
asphalt, rubber, or plastic compounds. 

Many ditches have been lined for a v?ry low cost by using earth 
rnat(-rials. If the materials are available, three methods are employed: 

t , Placing a blanket of relatively irnpervious inaterial over or 
within the canal bed. 

Dispersing clay in the wate and having it filter but as the 
wator seeps through the bed. 

ehemically stabiiizirg the earth material to make it less 
pe rrneable . 

One of these chemical stabilizers is called bentonitj . It is a low 
cost material r.milar in appearance to ordinary arounct clay. It swells 
12 to 15 tirres its dry size when wet and fills the voids througlt which 
wite r seeps . 

For smaller irrigatibri carials arid laterals, precast concrete or 
cut stone slabs are used. Masonry rock "nd brick work also ra^ke good 
linirgs. Concrete alone has a high initial cost but several advartage^^. 
it is durabl , m.-^intenanc e costs are at a rriiriirrium , arid ca^;acity is 
increased because ol its re-'^trvely smooth surface. Thickness of the 
concrete generally ruris frbrh 1-1/2 to 3 inches. 
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4 TYPICAL PBOBLEMS iNVGLVlNG WATER MEASU KEIvfENT AND 
EE M:/EB.Y TO SUPPLY PRbPETL^:MQUNTS OF WAT ER TO SO ILS - 

As ?n irrigator, ydU need to know four quantities . Orxe is the depth 
of water ydU v;i8h to apply, the second is the size of irrig:-.tir.g stream in 
cubic feet par second or gallons per Sdhute , the third is th ime the water 
will run, and the fourth ii the number of acres in the field- 

If you k:;ow three of these quantities, you can always figure the 
fourth from this handy formula: 

One. cubic foot per second (CPS) for one hour equals one inch 
depth on one acre. 

Exarn rle (1 1 lo find how long you would need to run a stream of 
3~CFS to apply 5 inches gross depth of water to i. 15 acre field, 

1 CPS for 1 hour = 1 acre inch 

3 L.t^'S fdi hour = 3 acre inches 



ana 



5 Inch-s X 15 = '75 acre i-.hes needed. 

T] Brifore, 1± hours 
3 

Exa iY-pI- {Z\ To figure how manv inches have be-n applied wh. 
FJtrearn of"4 CFS has run for 10 hours on an 8 ai-re fic.ld: 

1 CFS for 1 hour = 1 '-^^^ 

1 CI S for 10 hours = 10 acre inches 

4^CFS for 10 hovTS = 40 acre inches 



40 acre inches 
c acres 



5 i p c lie s app ^ i d 



86 

-78- 



5. MOISTURE REQU^JlEMEN rSaF VAftTOHS CROPS 



During and immediately following iriigatiori, water will sbal^ 
th^ h the soil profile until the wetted depth all reaches field capacity. 
If an eriicieiit iirigation i^^ made, the wetted area is confined to the root 
'/bi.e . The water available for plant use is restricted to that c.rea throMg 
Hicu planv roots can penetrate. 

The feeder root depth of plahLs will vary from me foot to approxi- 
mately four feet. Y^hiie some plants have deep tap roots, ::hey supply only 
about 15 percent of the total water-plants use. The re^itaining 85 pe r cent 
is supplied by the feeder roots. Therefore, when the s Ml moisture drops 
below the wilting point in the feeder root zone , all grb\ th will stop, This, 
of course, c_iuses a distinct stress on Ine plant. 

It is ci proven fact that plants take water at a nniform rate when 
the so\l rnbisture is at any stage betw^-en field capacity and just above the 
v/i:i:7ng point. If the applied water is evenly distributed over the :tire 
growing area, and soil moisture kept somewhere between these two points, 
a constant and unifbrrn growth will Ve promoted, 

'"."d insvire a mi dmum use and a maximum production r ^I'.l 

qi...:luy of product, it is essary to know the soil, the plant f^^edr -oo 
:-on.? ; the p? .nt water use nu climatic conditions, arid apply wate . 
^ c c o r di r; g ly . 
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TABLE 17 

PE^i:K MO'i5TUR.E USE FOR COMMON mRIGAT ED GROPS 



Alfalfa 
C ottbn 
Pasture 
C. I'aih 

Ota toe s 
Beets 
Orchards 
Orchards / ^over 





Acre Inches 


1 Per Day 




Cool 


Mode rate 


Hot 


Desert 


,20 


.25 


.30 


.35 


.20 


.25 


.30 


.35 


.20 


.25 


.30 


.35 


.15 


.20 


.22 


.30 


. 14 


.20 


.25 


.30 


.20 


.25 


.30 


.35 


.20 


.25 


.30 


.35 


.25 


. 2 & 


.35 


.38 



TABJ.E 18 

FEEDING DEPTH OF MAJORITY Oi' PLANT FEEDER BOOTS 



Alfalfa 
Be^hs 
Beets 
Cabbage 
Carrots 
Corn 
Cotton 
Grain 



Tobacco 
Tomatoes 



~f^np Feeder Root Dept h 



3 - 3.5 ft. 

2 

2 - 3 ft • 
l.j - Z 
\.S - ?. 
2.5 

4 

^ - 2.b 



Grain Sorghurn 

Crapes ^ - 4 ft. 

I.t; ■tuce 
Nuts 
Onions 
Orchard 
Pasture 
Peanuts 
Peas 
Potatf c^s 



Soyb :ians 

Sweet Potatoes ^ 



1 ft. 

3 - f t . 

1.5 

3 - 3.5 
1.5-2 

1 .5 

2 . 5 f t . 
2 ft. 
2 ft. 



3 U. 
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APPENDIX 



EXPLANATION FOR IRRIGATJ<"m 



Efficient irrigation requires Uniforrn ^ •.ii.;^' oi • 

.^mounts of water at proper times. Cf^reful prcpi. .---^^i ;. -f lani ff-- ir-; 

i^ttton methods resu^' in a savings of labor , wn.te r -.r .. s. il, and in 

increased yields ; Land preparation for irrig^f-cri oltett includes grading 
and smbothing of the soil surface, preparation of le^'ees and ridges, and 
water conveyance and drainage dit.her . 

A few simply constructed bullock drawn iniplerhcnts greatly 
facilitate land preparation. Plans for §uch implements, which can be 
Innlt by a village carpenter or blacksmith having ordinary sl<;:ils , are 
inciudod in this section. 

Bvic k Sr raper 

The wooden buck scraper i^ possibly the inos' useful low-cost 
anir.v 1 drawn implement for leveling ilfnd for irrigat: , i. The mbdel_ :hDwn 
c<-.n be n.vde from locally available materials, 'it has been extensively tested 
and is a proven, successful deripn. 

Although the buck scraper is a simple implement , ce f tain exact 
procedures must be followed to make it work effectively . The proper 
operation involves the following steps: 

1. To bring the scrapei to loading position, the operator must 

approach the tailboard from the s^de opposite the pipe aaridle . 
Care must be taken that the bpcratoi clear of the handle 
as it will snap back as soon as the br"bcks move forward. 

Z. To load the scraper, the operator must niove f orward, plac^ 

one foot on too of the scraper board arid keep the other :oot on 
the tailboar i as far forward as possible. The weight of ^hf; 
operator Lhould be applied directly over the- cutting -dge ^vhile 
the scraper is being loaded. Since the - raper will u-.^^ciiy 
carrv a full load without the operator riding or holdirig ^he 
handle, he can step off to lighteri the draft. 

3. To uhlbad, the haridle is liftnd and the load is dunnperi. 

Spreading may be done b> f .owly raising the handle whici. 
allows the load to be distributed in a thiri layer. 

The buck scraper of the ^ize givcM iri the drawing , caS be pullbd 

. , . u,,nnf.ks T^rir cr-iall oxeri. a sKillful operator 

Dy ^l pair oi avei«*t;e oj.^,e ^ ocj<.e> . ' . 

can adjust the Ibad to suit their sl;erigth, or the size of the scraper may 
bc! reduced to 5 feet. 
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Wbbderi Float 



In order to finish the le^^-lihg job, the surface rnub** V- smoothed; 
This job may be cone with a float , a long sled-like drag which oper?.tes on 
the sarr principle as a carpenter *s plane. As the float is pulled forward, 
the cutting edges remove the '.iigh spots and push this soil into the low 
areas ahead. For best smoothing on flat, level fields, it is desirable to 
float the surface three or more times by going across the field lengthwise , 
rosswise , and diagonally . 

The float may be cbhstrv.ctcd in vs;rious sizes to meet the power 
avail x^ e . A width of to 6 feet is satisfactory for animal power. It 
must be emphasized that an overall length of about 16 feet or more is 
necessary if the -float is to do a precision job of land smoothing. 

A"Frarhe Ridger 

A homemade A-Frame Ridger js a suitable implement for making 
ridges or bund> . It will gather soil from a wide strip and leave very little 
fuprows be-zde the ridge. The operator ustlaJly rides on the ridger, thus 
applying his weight to get a more effective job^ The operator has a chdi^ce 
of standing positions on the cross planks on top of the ridger . The largest 
ridge and the one requiring the most power is formed when the operator 
stands on the cross plank nearest to the bullocks. A: with other ari.mal 
drawx'. implements, the height arid lejigth of hitch greatly influences the 
dral d the performance of ;±ie A-Frarne Ridgisr. 

V Ditcher 

The V-bitcher is a useful tool for con f. cructibri < r cleaning of 
field channels for irrigation or drainage, ii is PiWr. scmei>Tr>-s used tb 
make border ridges or bunds. 

The V-Ditcher's operation in constructing a ich. ;s much like 
ti,it of an orersir^.ed mold board plow. Th'.^ chaririel iijie is first laid out 
wi^Vh - •~'-ey^r:3 instiuments. A motd h :d.'d plow is used to make a furrow 
,vhere the line has been staked. T'le V^-Ditcher is pulled back and forth 
3 ^ this di" ;h ^^ritil a symmetrxcai ditcL of almost any size and proportions 
can be ma Je . 

One pair of bullocks or more may be us^d to pull the V -Ditchers 
It is important, however, that the animals walk on the outside of t.he 
channel. ( langirg the operator's position of the V-Oit^ her lowers: or 
fnjrea-es the depth, of c\ : and also increases the arimai power required tb 
puT it. The width df fhe ditch may '^e increased or de -reused Of lowe * v.ng 
or raising the har«:Ue of tie dit'her 



-83- 



91 



U. of Udaipur 

Ext: Bill. No. ■ 1 
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MATERIALS FOR BUCK SCRAPED 



j£^iMB^R ^_PTF^r.ES DIMENSIONS ITEM 

1 X 12" X 6' Buck Board 
N ) X 12" x-3' Tail Board 

2 2" X 4' X 12" Wooden Blocks for ends 
1 • X 49" Iroti Pipe - ?ndle 

1 • I" X 3" X 6» steel Cut^•'Lg Edge 

4 ^-^ X i^" X 6" Strap Jr.. for Hinges 

2 I" X l|" X 12" Strap Ir for R<nnfdr cement 

1 ^" X il" X 8" lent Strip Jron Pipe 

Glarrij.. for Handle 

. X 16" Rod for Hinge T>in 

2 I" X 7" Fye Bolt'4 for P-iu Chains 

1 I" X 4" Carriage Bolt for Handle 

2 ^" X 3" Carrianye Bolt for Handle 

Clamp 

20 I" X 3" Carriage Bolt for Blade, 

Strap, etc. 

4 ^" X 6" Carriage Bolt for Ends 

1 :^" X 12" X 3" Steel Plate for Tail Board 

1 1" X 10' Pull Chain 
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■WOODEN FLOAT 



U. of Udaipur : 
Ext, Bui. No, 1 



l"x4" Angle Brace 



i8'x6"x2" 




78" Rods Threaded on ; 

Both Ends (1/2" I)ia Rods) 



l.l/E"x;l/2" 
• ' ' Strap Iron 



MATERIALS Ei 



=0AT 



NUMBER OF PIECES 
2 



1 

i 
i 

h 

3 

6 
2 
2 
4 

36 
^8 



DIMENSiaNS 
2" X 6" X 18' 
2" X 6" X 6' 
2" X 5" X 5' 
2" X 6" X 6' 
2" X 6" X 6" 



I" X li" X 18" 
1 " X 4" X 10' 
i" X 3 " 



ITEM 



Runne r s 



Rear Blade 



Middle Blade 

Front Blade 

Side Blocks 

Steel Rod (threaded 
Z " on both ends ) 

Nuts and Washers 

Steel for hitch 



i|" nz 



Cross Bracing 

Carriage Bolts and 
Nuts 

Nails 

Sc rews 
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NIfMBER QF PIECES DIMEN S IONS ' ' JTFM 

2" X 8" X 6' Runner 

i 2" X 4" X 5* Rear Brace 

i 2" X 4" X 42" Middle Brace 

i 2" X 4" X 18" Front Brace 

1 2" X 4" X 5' Center Brace 

1 1 " V t 6' Steel Chain 

2 X 5" Eye Bolt 
is 3" Nails 

6 2" X 4" X 6" Side Blocks 

28 3" f¥l2 Screws 
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V -DITCHER {I 




MATERIALS FOR V^DITCHRR- 



t-OE -PiECES 



1 
1 

1 

z 
1 
1 



DIMENSIONS 



2" X 10" X 6' 



ITEMS 



2" X 4" X 20" 
2" X 4" X 42" 
I" X 28" 



^" X l|" X 12' 



111 ^ 4± I 

2 ^ ^2 



Wings 
Win?; iJrace 
Handle 

Steel Rod (threaded 
2" on both ends ) 

Nuts arid Washers 

Iron Handle Bracket 

Carriage Bolt vith 
Nut and Washer for 
haridlie 



V X 3' 



Carriage Bolt with Nat 
and Washer - handle 
b ra ce 



2 

i 

2 

20 



ll" X 2" X 6' 



^" X 10" X 24" 



I" X 7" 



U" #12 



Angle Iron 

Steel sheet for nose 



Carriage Bolt with 
Nut and Washer (nose) 



Screws for fixing 
Angle Iron 
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ABLFJ I - Li bX Rgxii valcnt? loj -V olurne from Flow Units 



One Acre Inch 



3 , 630 cubic feet 
Z7 , 1 54 gallons 
\ / IZ acre foot 



():■•• Aire V'oot 



43,5f)0 cubic feet 
325,851 gallons 



Approx. 2,722,500 pounds 



C^iic ('ii-bk: iL-O-oi- 



Appi-bx. 4,000,000 pounds 

t,728 cubic inches 

7.481 (approx. 7.5) gallons 

Weight (approx.) 62.4 pounds 

(62.3 9 at 5 5° F, 62.30' at 70° F , 62.00 at 100° ^) 



(Jilt- CicllloTl 



231 cubic inches 

0.13368 cubic feet ,t> weighs approx. 8.33 pounds 



rHv.Cubic FootPer 
Se cohcl 



'Ti.^ Gallon Fe r 
M i niite 



Rafe of Flow Units 

448.83 (approx. 450) gallons per minute 
1 acre inch 1 hour and 30 seconds (approx. 
1 hour), or 0.992 (approx. 1) acre inch per 
hou r - 

1 acre foot in 12 hours arid b rhiriutes (approx. 
12 hours), or 1.984 (approx. 2 acre feet per 
day 24 hours) 

0.00Z23 (approx. 1/450 cubic foot per second) 
1 acre inch in 452.6 (approx. 450) hours or 
0.00221 acre inch per hour 

1 acre feet in 226.3 days or 0. 00442 acre foot 
pe r day 

1 inch depth of over 96.3 square feet in 1 hour 



( j tiu.- MillTo n G allorLS 



Per Duy 



1 . 547 cubic feet per second 
694.4 galldris per rriiriUte 



104 



T A 13 L E fi - Klxi m-tktT Rectangular Contracted W-eirs in Cubic Feet per Second ^ 



- 

Head 


Head 
iri iiiches 
approx. 


Crest length (L)- 


F or each 
additional 


1.0 fdo-t-- 




1, 0 fee: . 




4: d feet 


in i't. 

1 1 1 r i i 

H 


-.-3:.0 feet 


fout of cresl 

iri pYf<>S*» 

111 VAW^vO 

(approx. j 










FIjw in cubic feet per second 




(\ 1 n 

U . 1 u 


1 M\k 


U. 1 07 


u , 150 




(1 ^ 1 Q 


n 477 


0. 108 


n 1 i 

U. i i 


1 J / 1 Q 


U. 1 L 1 






U . JO I 




0. i24 


6: 12 


1 7/i6 


0. 13? 


0.20? 


0.277 


0.418 


0.559 


0. 141 


0. 13 


1 9/lB 


0: 155 


0:233 


0:312 


0:470 


0.629 


0.159 


n i A 


1 11/10 


U. 1 


U. LoU 




0 ^7 A 




0. 177 


U , 1 J 


1 M / 1 A 

i 1 3 / i Q 


U. 1 71 


u.opo 


U. JC J 




iV 77 A 


0. 196 




1 1 J / 1 D 








U . 0 J 0 




0.216 


0. 17 


2 1/16 


0,229 


0.346 ' 


'0.463 


0,698. 


0.934 


0.236 


0. 18 


2 3/16 


0.249 


0.37b 


0.504 


0.760 


1:02 


0.257 


U. 1 7 


7 ^ 1 A 




n M Pi ■? ' 


U. 1)4d 




1 1 n 


0. 278 


1 ?n 

J . lU 


C 3/0 


0. c 1 


n /1 1 n 


U. DOO 


0.00/ 


I . I 7 ■ 


0. )03 


yj , c ] 


c lie 


\J. ill 


n 7 o 
U. 4/ ^ 






1 ?fi 


0. 326 


0.22 


Z 5/8 


0;335 


0:565 


0.677 


1.02 


1.37 


0.35 


0.23 


•2 3/4 


0.358 


0.339 


0.723 


1.09 


'^1.46 


0..37 




^ 7/fl 


0.380 


0.574 


0.769 


1. 16 


!. 55 


0 39 /) 




1 
J 


0.404 


0.609 


0. 817 


1.23 


1.65 


0. 42 




^ 1 / ft 

J i / 0 


0.428 


0.646 


0.865 


1.31 




0.44 


0.27 


3 1/4 


0:452 


0:682 


0. 914 


1.38 


1.85 


0.47 


0.28 


3 3/8 


0.477 


0.720 


0.965 


1:46 


i:95 


0:49 


0.29 


3 1/2 


0.502 


0.758 


1.02 


1. 53 


c. 05 


0.52 



^:^(U. of Calif. Ext, Cir. 473) 
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t A OLE: il (Coniinued) F'low over Rectarigula:' Coniracted Welrs-4-n-Ct 



Head 
in ft. 
"H" 


Head 
in inches 
approx. 







Grest Length (L) 




additional 
loot 01 crest 
in excess 


1 . 0 foot 


-1--, 5 feet- 


2.0 feet 


3.0 feeU 


-4.-0 ieet 












_ .Jiaw in, cubic feet per second 


01 4 leet. 

1 >v~ w %^ ~ t 

-^pprox^l 




















0. 30 


3 5/8 


0. 527 


0,796 


1. 07 


1.61 


c. Id 




0. 31 


3 3/4 


0.553 


0,836 


1.12 


1.69 


2.26 


0:57 


0. 32 


' 3 13/16 


0:580 


0,876 


1. 18 


1.77 


2.37 


0,60 


0.31 


3 15/16 


0. 606 


0.916 


l;23 


1.86 


c. 4o 




n. 34 


4 1/lfa 


0, 634 


0.957 


1.28 


1. 94 


L. bU 




.. .. _ 

0, 35 


4 3/16 


0. 661 


' 0.999 


1.34 


2. 02 - 


t. i t 




0. 36 


4 5/16 


0.688 


1.04 


1.40 


2. 11 


2.82 


0.71 


0.37 


4 7/16 


0:717 • 


l:G8 


1:45 


2.20 


2.94 


0.74 


0. 38 


'1 9/16 


0. 745 


1.13 


1.51 


2; 28 


3 - C\ L 

1 00 


t), ?o 


0. 39 


4 11/16 


0.774 


1.17 


1.57 


2. 37 


1 0 

3. lo 


n Q 1 

U. 01 


50 


4 13/16 


0: 804 


1,21 


1.63 


2:46 


^ Q A 
J . 


U. o4 


0.41 


4 15/16 


0.833 


1.26 


1.69 


2. 55 


3.42 


0.87 


0.42 


5 1/16 


0.863 


1, 30 


1, 75 


2. 6^ 


3.54. 


0.89 


0.43 


. 5 3/16 


0. 893 


1.35 


■1.81 


2:7^ 


3, D < 


U. ^5 


0; 44 


5 1/4 


0. 924 


1.40 


1.88 


2.83 


J, oU 


U , 7 f 


0.45 


.... 

5 3/8 


0.955 


1.44 


1, 94 


2.93 




I . uu 


ri a7 

0: 4o 


c i / i 

b I U 


U. 700 


1.49 


.2.00 


3.03 




1 0? 


0.47 


3 5/8 


1.02 


. 1:54 


2:07 


3. 12 


4. 18 


1.06 


0.48 


5 3/4 


1.05 


' 1.59 


2.13 


3.22 


4.32 


1.10 


0:49 


5 7/8 


1.08 


1,64 


2. 20 


3.32 


4.45 


1.13 
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TABLiL iUCbh^iriueci) Flbw-o 



.1 Contracted Weirs in Cubic Feet per Second 



Head 
in feet 
' "H" 



0.50 
0.51 
0.,52 
0.53 
0.54 

0:55 
0.56 
0.57 
0:58 
0.59 

0:60 
O.M 
0,62 
0:63 
0.64 

0.65 
0.66 
0.67 
0.68 
0.69 



Head. 

in inches 
approx. 



6 

6 1/8 
6 1/4 
6 3/a 
6 1/2 

6 5/8 
6 3/4 , 
6 13/16 

6 15/16 

7 1/16 

7 3/16 
7 5/16 
7 7/16 
7 9/16 
7 11/16 

7 13/16 

7 15/16 

8 l/lS 
8 3/16 
8 1/4 



Crest Len^tH(lj) 



1 : 6 foot 



.11 
:15 
.18 
.21 
.25 

.28 
.31 
.35 
.38 
.42 

.45 

.49 
.52 
.56' 
.60 

.63 

:67 

.71 

.74' 

.78 



1.5 feet 



2.0 feet 



3.0 feet 



4.0 feet 



Flow in cubic feet per second 



1.68 
1:73 
1.78 
1.84 

1:89 

1.94 
r; 99 
2.04 
2.09 
2 15 

2.20 
2:25 
2.31 
2.36 
2:42 

2.47 

2.53 

2.59 
2.64 
2.79 



2.26 
2.33 
2:40 
2.46 
2.53 

2.60 
2.67 
2:74 
2.81 
2.88 

2.96 
3.03 
3.10 
3.17 
3.25 

3.32 

3.40' 
3:47 
3.56 
V63 



3.42 
3.52 

3:62-- 
3.73 
3.83 

3.94 

4.04 

4:15, 

4.26 

4.36 

4.47 
4.59 
4.69 
4.81 
4.92 

5.03 
5. 15 

.^;26 
S\38 
■,-5.49 



4.58 
4.72 

4:86 

4.99 
5. 13 

5.27 
5.42 
5:56 
5.7:> 
5.8^ 

6.00 
6. 14 
6.29 
6.44 
6.59 

6.75 

6.9? 
7 r.- 



1 



For each 
additional 
foot of cres 
in excess 
of 4 feet. 
- (approx) . 



1.16 
1.20 
1.24 
1.26 
1.30 

1:33 
1.38- 
1.41 
1:44 
1.49 

1:53 
1.5E 
1.6G 
1.63 
1.67 

1.72 
1.75 
1,. 79 
1.8.1 
1 . 87 
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TABLI'" IKCoiitimiodj Fl' )-^' over Rectan^uUir Contracted Wctrs in Cubic Feet per Scfond 

















F or eachr 


Mead 


rieaa 










bi Hi^i f 1 'ilia 1 












6» in feet 


in inches 












foot of crest 


IITTll 

1 i 




1. 0 foot 


1:5 feet 


2.0 feet 


3,0 feet 


4. d feet 


in excess 








- — 








of 4 feet. 








. Flow ir 


1 cubic feet p 


er second 




(apprbx). 


d;7d 


— — — 

8 3/8 


1.82 


L. » 0 _ 




5.61 


7.52 


1.91' 


0:71 • 


8 1/2 


1:86 


2:8r 


'3:78 


5:73 


7:68 


1:95 


0.72 . 


8 5/8 


1.90 


2.87 


3.86 


5.85 


7,84 


1.99 


0. 73 


8 3/4 


1.93 . 


2.93 


3.94 


. 5.97 


8.00 


2.03 


0.74 


8 7/8 


i;97 


2:99 


4.02 


6:09 


8:17 


2:06 


0 75 


9 


2.01. 






6.21 


8,33 


2.12 


0.76 


9 1/8 


2:65 " 


3;U 


4:18 


6:33 . 


8:49 


2: 16 


0.77 


9 1/4 


2.09 


3.17 


4.26 


6.45 


8.66 ^ 


2.21 


D.78 


9 3/8 


2. 13 


3,23 


4.34 


6.58 


8.82 


2.24 


0.79 


9 1/2 


2, 17 


3.29 


4.42 


6.70 


8.99 


2.29 


0;8d 


9 5/8 


2, 21 ■ 


X IK 
J. jj 




6.83 


9.16 


2.33 


0.81 


' 9 3/4 


2,25 


3.41 


4.59 


6.95 


9.33 


2.38 


0.82 


9 13/16 


2.29 


3.47 


4.67 


7.08 


9.50 


2.42 


' 0:83 


9 15/16 


2,33 


3.54 


4.75 


7.21 


9.67 


2.46 


0. 84 


10 1/16 


" 2. 37 


3.60 


4:84 


7:33 


9:84 


2:5i 


6- 85 


10 3/l6 


2 4-1 


3.66 


4.92 


7.46 


ID. or 


2.55 ■ 


0.86 


10 5/16 


,2.46 


3.72 


5:01 


7:59 


10.19 


2:60 


U. 0 / 


in 7 / 1 A 




3.79 


5.10 


7 17 


1 n ik 

1 U . J u 


cut 


0,88 


10 9/16 


2.54 


3.85 


■ 5,18 


7.85 


10.54 


2.69 


0.89 

f 


10 11/16 


2:58' , 




5. '27 


7,99 


10.71 


2.72 , 
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TABLE II (eontinuecjj Flow over Rectangular Contracted Weirs in -C ubic Feet per Second 



Head 
in feet 
"H" 


Head 

in inches 
approx. 


Crest tength(L) 


For each 
additibna! 




foot of crest 
in excess 
of 4 feet, 
(approxj. 


1.0 foot 


1.5 feet 


•2.0 feet 


3.0 feet 


4.0 feet 














Flow in cubic feet per second 


0.90 


10 13/16 


2.62 


3,98 


5.35 


8. 12 


10.89 


2.77 




0.91 


10 15/16 


2.67 


4.05 


5.44 


8:25 


11:07 


2.82 




0:92 


11 1/16 


2. 71 


4. 11 


5.53 


8.38 




2.87 




0.93 


11 3/16 


2.75 


4. lo 






11.43 


2,91 




0.94 


11 1/4 


2.79 


4.24 


5.71 


8.65 


il:6i 


2:96 




0.95 


11 3/8 


2.84 


4.31 


5:80 


8:79 


11.79 


3.00 




0.96 


11 1/2 


2.88 


4.37 . 


5.89 


8,93 


11.98 


3:05 




0 97 


11 5/8 


2. 93 


4.44 


5.98 


9.06 


1 L, 1 0 


3, 10 




0.-)8 


11 3/4 


2.97 


'4,51 


6:07 


9: 20 


12.34 


3.14 




0.99 


11 7/8 


3.01 


4,57 


6. 15 


9. 34 


12,53 


3.i"9 




1.00 


12 


3.06 


4,64 


: 6:25 


9:48 


12.72 


3,24 




1:01 


12 1/8 





4.71 


6.34 


9.62 


12.91 


3.29 




1.02 


12 1/4 





4.78 


6.43 


9.76 


13, 10 


3,34 




1.03 


12 3/8 




4.85^ 


6:52 


.9:96 


13.28 


3.38 




1:04 


12 1/2 




4,92' 


6.62 


10.04 


13.47 


3.43 




1.05 


- - 

12 5/8 




4,98 


6.71 


10.18 


13:6fa ; 


J. to 




1:06 


■ 12 3/4 




5.05 


6,80 


10,32 


13,85 


3.53 




LOT 


12 11/16 




5;12 


6:90 ■ 


10. 4o 


14.04 


3.58 




1. 


It 15/16 




5.20 > 


6,99 


10,61 


14. 24 


3.63 






13 i/16 




5 2b 


7.09 


10.75 


14, 43 


3,68 
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TABLE '1 (Continued) E-Iqw over Ref-taiigular Contracted Weirs m Cabic Feet per Seccnd 















For each 


Head 


Head 


Crest Length (L) 






additibhal 


in feet 


in inches 










foot of ere s 


"H" 
















approx. 












in excess 




» 


1.0 foot 


1 . 5 feet 


2.0 feet 


3.0 feet 


4. 0 feet 


of 4 feet. 














(approx); 






Flow in 


cubic feet 1 






- ----- - - 


1. 10 


15 il lb 


- - - - 




7. 19 








1.11 


13 5/16 




5.41 


7.28 


11.04 


14.83 


3.79 


1. 12 


13 7/16 


^ i> M « 


5.48 


7.38 


11.19 


15.03 


3.84 


1.13 


13 9/16 




5.55 


7.47 


11.34 


15.22 


3:88 


1; 14 


13 11/16 





5.62 


7. 57 


11.48 


15.42 


3.94 


1.15 


13 1 3/ lb 





5.69 


7.66 


1 1 hi 


1 1s ft? 


J, 70 


1.16 


13 15/16 


<m ^ 


5.77 


7.76 


11.79 


15.82 


4.03 


1.17 


14 1/16 


' .... 


5.84 


7.86 


11.94 


16.02 


4.08 


1. 18 


14 3/16 


.... 


5.91 


7.96 


12.09 


16.23 


4.14 


1:19 


14 1/4 





5.98 


8. 06 


12.24 


16.43 


4.19 


1. 20 


\ A '5 /0 

14 3/0 




6.06 


8.16 








1.21 


14 1/2 




6.13 


8.26 


12.54 


16.83 


4.29 


1.22 


14 5/8 




6.20 


8.35 


12.6'9 


17.03 


4.34 


1.23 


14 3/4 




6.28 


8.46 


12.58 


17.25 


4.40 


1.24 


14 7/8 




6.35 


o. jD 


12.99 


17.45 


4.46 


I . CJ 


1 ^ 
i J 




6.43 


8, 66 


13. 14 


17.65 


4.51 


1.26 


15 1./8 








13.30 


17.87 


4.57 


1.27 


15 1/4 








13.45 


18.07 


4.62 


1.28 


15 5/8 








13.61 


18.28 


4.67 


; 1.29 


15 1/2 






m 


13 77 


18.50 


4.73 
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TABLE II (Continued) J low ove f-^ ctangular Contracte cv^- irs in Cubic Feet per Second 














For each 


Head 


Head 


Crest 


Length (L) 






additional 


in feet 


in inches 








foot of crest 


"H" 


approx. 












m excess 






i . D foot 


1.5 feet 


2. 0 feet 


3. D, feet 


4. 0 feet 


Of 4 feet 







Flow in cubic feet per second 


(approx. ) 


1.30 


15 5/8 


— - - 


w - - - 





13.93 


18.71 


4.78 ■ 


1.31 


15 3/4 








14. 09 


18. 92 


4. 82 


1.32 


15 13/16 











14.24 


19. 12 


4.88 


1. 33 


15 15/16 











14.40 


19.34 


4.94 


1.34 


16 1/16 


: ; - * 


- : : 


- - ^ - 


14.56 


19.55 


4.99 


1:35 


16 3/16 


— - - 


— - 





14:72 


19:77 


5:05 


1. 36 


16 5/16 








14 88 


19 98 


5. 10 


1.37 


16 7/16 











15.04 


20.20 


5.16 


1.38 


16 9/16 . 











15.20 


20.42 


5:22 


1.39 


16 11/16 











15.36 


20.64 


5.28 


1.40 


16 13/16 











15.53 


20.86 


5.33 


1.41 


16 15/16 





- * - * 




15.69 


21.08 


5 39 


1.42 


17 1/16 








15.85 


21.29 


5.44 


1.43 


17 3/16 








16.02 


21.52 


5.50 


1.44 


17 1/4 








16. 19 


21.74 


5.55 


1.45 


17 3/8 








16.34 


21.96 


5.62 


1.46 


17 1/2 








16.51 


22.18 


5.67 


1.47 


17 5/8 








16.68 


' 22.41 


5.73 


1.48 


_ . . . _ 

17 3/4 








16:85 


22. 64 


5.79 


1.49 


17 7/8 








17.01 


22,85 


5.84 


l-fO 


iS 








17. 17 


23.08 


5.91 
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TABtE iii - Flow over 9^0^ V^Notch^^eir in Cubic Feet per Second and 
Gallons per Minute 



Head in feet 


Head 
(appr 




Flow ] 
pe 


m cubic feet 




in inches 
oximate) 


Flow in gallons 
per minute 


"H" 


r second 






0. I 0 


1 


3/16 


0: 


008 


3. 6 


0. I I 


1 


5/16 


0. 


010 


4: 5 


0. 12 


1 


7/16 


0 


012 


5. 4 


0 . 13 


1 


9/16 


0. 


0 1 6 


f . C 


0.14 


1 


11/16 


0 


019 


8: 5 


0.15 


1 


13/16 


0. 


022 


9. 9 


0.16 


1 


15/16 


0: 


026 


11.7 


0: 17 


2 


1/16 


0. 


031 


13:9 




2 


3/16 


0. 


035 


15. 7 




2 


1/4 


0: 


040 


18.0 


0. 20 


2 


3/8 


0. 


046 


20. 6 


0.21 


2 


1/2 


0. 


052 


23. 3 


0. 22 


2 


5/8 


0. 


058 


26: 0 


0 7 3 


2 


3/4 


d. 


06 5 


29. 2 




2 7/8 


0. 


072 


32. 3 


0.25 


3 




0 


080 


35. 9 


0. 26 


3 


1/8 


0 


088 


39. 5 


0. 27 


3 


i/4 


0. 


096 


43 . 1 


0. 28 


3 


3/8 


0. 


i Co 


57. 6 


0. 29 


3 


1/2 


0 


1 15 


51.6 


0. 30 


3 


5/8 


0. 


1 25 


56. 1 


0.31 


3 


3/4 


0. 


1 36 


61.0 


0,. 3 2 


3 


13/16 


0. 


147 


66. 0 


0. 33 


3 


15/16 


d. 


159 


71.4 


0. 34 




1/16 


0. 


171 


76. 7 


0. 35 


4 3/16 


0: 


184 


82. 6 


d. 36 


4 5/16 


0. 


197 


88: 4 


0. 37 


4 7/16 


0. 


211 


94. 7 


0. 38 


4 9/16, 


0: 


226 


101.0 


0: 39 


4 


11/16 


0. 


240 


108. 0 
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TABLE III - (Gbntinued) - Flow over 90^ V-Nbtch Weir in Cubic Feet 

per Second and Gailons per Minute 



Head in feet 
"H" 


Head in inches 
approximate 


Flow in cubic feet 
per second 


Flow in gallons 
per minute 








0. 40 


A 
*r 


1 J / 1 o 


fi 


Ci ^ yj 


1 1 5 




0:41 


A 


1 c; / 1 ^ 
I D / I D 


n 


?12 


122 




0. 42 


D 


1 / 1 D 


fj 

yj . 


t. o / 


1 30 






5 


3/16 


0. 


306 


1 37 




6 44 


5 


1/4 


0. 


324 


145 






c 
D 


-3 / o 


n 


J -> 


1 54 




0. 46 


c 
D 


I / ^ 


pi 


J O ^ 


162 




0. 47 


c 
D 


b / o 


u , 


Q 7 


171 




\J . 


5 


3/4 


0. 


403 


i 181 






5 


7/8 


0: 


424 


1 90 






z 

D 




U . 




200 




0. 51 


L- 
D 


1 / Q 




TT D O 


210 




0. 52 


D 


1 / 4 


n 
u . 


il Q 1 


220 




h R 


6 


3/8 


0. 


515 


231 






6 


1/2 


0. 


539 


242 




b. 55 


z 

D 


D / 0 


fj 




253 




0. 56 


D 


-5 / TC 


h 


D 7 v> 


265 




0. 57 


D 


1 -J / 1 O 


n 


ft 1 7 


277 




0.58 


6 


15/16 


0. 


644 


289 






7 


1/16 


0. 


672 


302 




0. 60 


7 


3/16 


0: 


700 


314 




0. 61 


7 


5/16 


0. 


730 


328 




0. 62 


7 


7/16 


0. 


760 


341 




0. 63 


7 


9/16 


0: 


790 


355 




0. 64 


7 


11/16 


0. 


822 


369 




0. 65 


7 


13/16 


0. 


854 


383 




0: 66 


7 


15/16 


0. 


887 


398 




0. 67 


8 


1/16 


0. 


921 


413 




0. 68 


8 


3/16 


0. 


955 


429 




0. 69 


8 


1/4 


0. 


991 


445 





^101- .. 113 
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TABLE III =(Cbhtihued) - Flow over »bQ^ V - JJotch W mi't in enbic Feet per 

Second and Gallons per Minute 



i 



Head in feet 
"H" 


Head in inches 1 
(approximate) | 


Flow in Cubic feet 
per second 


Flow in gallons 
per minute 


0. 70 
0: 71 
0. 72 
0.73 
0. 74 


8 3/8 
8 1/2 
8 5/8 
8 3/4 

8 7/8 


1.03 
1 . 06 
1. 10 
1: 14 
1. 18 


462 
476 
494 
512 
5 30 


0. 75 
0 . 76 
0 77 
0; 78 
0. 79 


9 

9 1/8 
9 1/4 
9 3/8 
9 1/2 


1 : 22 
1 . 26 
1 . 30 
1 . 34 
1. 39 


548 
566 
583 
601 
624 


0, 80 
0. 81 
0: 82 
0. 83 
0. 84 


9 5/8 
9 3/4 
9 13/16 

9 15/16 

10 1/16 


1 . 43 
1. 48 

1:52 
j 1 . 57 
1.51 


542 
664 
582 
705 
723 


0, 85 
0. 86 
0. 87 
0. 88 

0. 89 


10 3/16 
10 5/16 
10 7/16 
10 9/16 
10 11/16 


1 . 66 
1.71 
1.76 
1.81 

1 : 86 


745 
767 
790 
812 
835 


D. 90 
0: 91 
0 . 92 
0. 93 
0. 94 


10 13/16 

10 lS/16 

11 1 7 1 F 

11 3/16 
11 1/4 


1 . J2 
1: 97 

1 2. 02 
2.08 

2. 13 


862 
884 
907 
934 
956 


0. 95 
0: 96 
0. 97 
0. 98 

0: 99 


I 1 3/8 

II 1/2 
11 5/8 
1 1 3/4 
117/8 

— 


2. 19 
2. 25 
2. 31 
2. 37 
2. 43 


983 
i , 0 1 0 
1. 037 
1, 064 
1. 091 
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TABLE iil - (Cdhli riv.cd) - Flow over 90^ V^NbtcH Weir in Cubic Feet per 

Second and Gallons per Min ute 



Head m feet 
"H" 


Head in inches 


Flow in Cubic feet 


Flow in gallons 
per minute 


(approximate) 


per second 






- - 


1. 00 


12 


2: 49 


1,118 N 


1; 01 


12 1/8 


2. 55 


1, 145 


1.02 


12 1/4 


2.61 


1, 171 


i . 03 


12 3/8 


2:68 


1, 203 


1 . 04 


12 1/2 


'2. 74 


1, 230 


1 . 05 


12 5/8 


2: 81 


1, 261 


1 . 06 


. 12 3/4 


2. 87 


1, 288 


1 . 07 


12 13/16 


2. 94 


1. 320 


1. 08 


12 15/16 


3. 01 


I, 351 


1 .09 


13 1/16 


3. 08 


1, 382 


.1.10 


13 3/16 


3. 15 


1,414 


1.11 


13 5/16 


3. 22 


1.-445 


1:12 


^ ^ 13 7/16 


3: 30 


1,481 


1.13 


13 9/16 


3. 37 


1,513 


1.14 


13 11/16 


3.44 


1, 544 


1.15 


13 13/16 




3. 52 


.. _ 

1, S80 


1 . 16 


13 15/16 


3. 59 


1 , (.1 1 


1.17 


14 1/16 


3. 67 


1 , 1.47 


1. 18 


14 3/16 


3. 75 


1 , 183 


1. 19 


14 1/4 


3. 83 


1 , 'H 9 


1 . 20 


14 3/8 


3. 91 


1, 75 5 


1 . 21 


14 1/2 


3. 99 


i. 791 


1.22 ■ 


14 5/8 


4. 07 


1, 827 


1 . 23 


14 3/4 


4. 16 


1, 857 


1 . 24 


14 7/8 


4: 24 


1, 90S 


I . 25 


15 


4. 33 


1. 94. •» 



TABLE IV : Flow Over Cil 



;irs in Cabic Feet per Second 









Crest length (L) 






For each 


Head 


Head 












additibrial 












in ft; 


in inches 


1.0 foot 


1.5 feet . 


2.0 feet 


3.0 feet 


4.0 feet 


foot of crest 
in excess 


IITJII 

n 


dppruA . 












bf 4 ft. 






Flow in cubic feet per second 


















(apprbx.) 


0.10 


1 3/16 


0.107 


0.160 


0.214 


0.321 


0.429 


0.108 


0:11 


1 5/16 


0.123 


0.185 


0.246 


0.370 


6.494 


0. 124 


U • 1-:- 


I I / i u 


0-140 


0.210 


0.280 




0.562 


0.141 




A 1 1 IK) 


0.158 


0.237 


0;3t6 


0.474 


0.632 


0.159 


h 14 


1 11/16 


0.177 


0.264 


0.352 


0.528 


0;706 


0.177 ■ 




113/16 


0.195 


0.293 - 


.__ 0.390 


.. 0.586 


0.782 


-"Orl96 


0.16 


1 15/16 


0.216 


0.322 


0.430 


0.644 


0.860 


d.iiD 


11 1 7 


? 1 / 1 f'^ 

u 1 / 1 U 


0 237 


0.353 


0.470 


0 , 705 


0.941 


0.236 


his 


? 3/16 


0.258 


0.384 


. 0.512 


■ 0.768 


1.024 


0.257 


n 1 Q 

U • 1 7 


2 1/4 


0.280 


0.417 


0.555 


0.832 


1.110 


0.278 


0.20 


2 3/8 


0.302 


0.450 


0.599 


0..898 


1.20 


0.3D2 


•J, 2! 


2 1/2' 


0.324 


0;484 


0.644 


0.966 


1 T A 

1.29 


0.324 


\j .a 


L J 1 0 


n 359 


0.519 


0;691 


1 .04 


1.38 


0.35 




L J 1 H 


0-374 


0.555 


0.739 


1.11 


i;47 


0.37 




Cm (10 


0 "397 


0.591 


0.786 


1.18 


1.57 


0.39 • 


0,25 


3 


0.423 


D.628 


0.836 


1.25 


1;67 


0.42 


0.2B 


3 1/8 


0.449 


0.667 


0.886 


1.33 


1.77 


0.44 


0.27 


3 1/4 


0.475 


0.705 


0.937 


1.40 


1.87 


0.47 


0.28 


3 3/8 


0;502 


0.745 


0.990 


1.48 


1.97 


^0.49 


0.29 . 


3 1/2 


0.529 


0;785 


1.04 


1.56 


2.08 


0.52 



'Computed from Cone's formula: 
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Q = 3.247 tH 



116 

1.48 



0.566 L^'S 



H^'^ + 0.609 H^*^, 



1 I 2 L 



1.8 



TABLK' IV lCi)ntiniUMil ^ i'^lo w Over Cipolletti VVeirs jil f-Tibic Foet per^S'U^ond 



Read ' 
■ inft;v 


Head 
in inches 


Crest length (L) 


For each 
- additional 


1.0 foot 


1.5 feet 


2.0 feet 


3.0 feet 


4 0 ioef 


foot of cres' 


approx. 

■ -■■ 




















in excess 

01 t 11, 

(approx* ; 


Flow in 


cubic feet d 


0.30 


3 5/8 


0.557 


0;827 


i.iO 


1:64 


2.19 




0;3t 


3 3/4 


0.586 


0.869 


1. 15 


1.73 


2 30 


0.57 


0.32 


3 13/16 


0.615 


0.911 


1.21 


1.81 


2 41 


0.66 


0.33 


3 15/16 


G,644 


0.954 


1.27 


1 89 


2 52 


U , 06 


0.34 


4 1/16 


0.675 


1.00 


1.32 


1 98 


2 64 


U . 00 


0.35 


. 4-3/16 - 


8v705 ■ 


1:04 - 




"2.07" 


2.75 


U • 0 7 


0:36 


4 5/16 


0.735 


1.09 


1.44 


2 IB 


2 87 


0.71 


0.37 : 


4 7/16 


0.767 


1.13 


1.50 


2-25 


2 - 99 


0.74 


0.38 


4 9/16 


0.799 


1.18 


1 57 


2 34 


3 11 


n 7fl 


0.39 


4 11/16 


0.832 


1.23 


1.63 


2 43 


3 24 


n ft 1 

U . 0 1 


0.40 


4 13/16 


0.866 


1,28 


1.69 


2.53 


3.36 




0.41 


4 15/16 


0.899 


1.32 


1.76 


2 62 


3 49 

J • T 7 


0.87 


0.42 


5 1/16 


0.932 


1 37 


1-82 


l-ii 


3 - Al 


0.89 


0.43 


5 3/16 


0:967 


lAl 


1 "89 


281 


74 


U • 7^ 


0.44 


5 1/4 


1 .00 


1.47 ■ 


1 95 


2 Ql 


^ R7 


ri Q7 


0.45 


5 3/8 


1 .04 


1.53 


2.02 


3.01 


4.01 


1 •UU 


0.46 


5 1/2 


1.07 


1.58 


2.09 


3.11 


4.14 


1.02 


0.47 


5 5/8 


1.11 


1.63 


2.16 


3.21 


4.28 


1.06 


0.48 


5 3/4 


1.15 


1.68 


2:23 


3.32 


4.41 


1.10 


0.49 


' 5 7/8 


1.18 


1.74 . 


2.30 


3.42 


4,55 


1.13 
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TABLE IV (Cbntihued) - ntw^to-eipoiietti Weirs in Cubic Feet per S&cofld- 



Head 
in inches 
approx.' 



Crest length (L) 



1.0 foot 



6 

6 1/8 
6 1/4 
6 3/8 
6 1/2 

6 5/8 
6 3/4 
6 13/16 

6 15/16 

7 1/16 

7 3/16 
7 5/16 
7 7/16 
7 9/16 
7 11/16 

7 13/16 

7 15/16 

8 1/16 
8 3/16 
8 1/4 



1.5 feet 



2;0 feet 



3.0 feet 



4.0 feet 



Flow in cubic feet per second 



1.26 
1.30 
1.34 
1.38 

1.42 
1.46 
1.50 
1.54 
1.58 

1,62 
1.67 
1.71 
1.75 
1.80 

1.84 
1.89 
1.93 
1.98 

2.02 



1.79 
1.85 
1.90 
1.96 
2.02 

2.07 
2,13 
2,19 
2.25 
2.31 

2.37 
2.43 
2.49 
2;55 
2.62 

2.68 
2.75 
2.81 
2.87 
2.94 



2.37 
2.44 
2.51 
2.59 
2.66 

2.74 
2;81 
2.89 
2.97 
3.05 

3.13 
3.20 
3.28 
3.37 
3.45 

3.53 
3.61 
3.70 
3.79 

3;87 



3.53 
3.64 
3.74 
3.85 

-3.96- 

4.07 
4.18 
4.30 
^.41 
4.53 

4.64 
4.76 
4.88 
5.00 
5.12 

5.24 
5.36 
5.48 
5.61 
5.73 



4.69 
4.83 
4.97 
5.12 

5.26^ 

5.41 
5.56 
5.71 
5.86 
6.01 

6.17 
6.32 
6;47 
6.63 
6.79 

6.95 
7.11 
7.28 
7.44 
7.61 



For each 
additional 
foot of crest 
in excess 
of 4 ft. 
(approx. ) 



1.16 
1.20 
1.24 
1.26 

^T^O 

1.33 
1.38 
1.41 
1.44 
1.49 

1.53 
1.55 
1.60 
i.63 
1.67 

1.72 
1.75 
1.79 
1.83 
1.87 
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TABLt: IV (Continiu'd) Flew Quer Cipcllett i eubic Feet per Second 









Crest length (L' 






For each 
















additional 




nt clu 












in it . 


in inches 


1.0 foot 


1.5 feet 


Z.O lect 






iUUL Ul CI c o t 


n 














in excess 






Flow in cubi 


c feet per se 


jcoiid 




of 4 ft. 


























-•• 









6. lU 


0 3/0 


2.07 


3.01 


3.95 


J » 0 0 


7 77 
/iff 


1-91 

i » 7 1 


0.^1 


0 I/O 


2.12 


3.07 


4.04 


3 . 7 7 


7 Q21 




n 7? 


ft s/ft 


2.16 


? • ! ■ 


4.13 


6.12 


8.11 


1.99 


0.73 


8 3 /4 


2 21 


3 21 


4.22 


6.24 


8.28 


2.03 


0 , /4 


0 / /o 


2.26 


3;28 


4.31 


0 . J 0 


0 i *r J 


2 OR 


G;75 




' • • — ^ 

2.31 


— ' 

3.35 


4.40 


^ 1 


ft h? 


2 12 


0. jb 


7 1/0 


2.i36 


3:42 


4.49 


?i ■ S4 
0 * 


ft sn 

0 • OU 


? 16 


0.77 


9 1/4 


2.41 


3.49 


4; 58 


6.77 


8:97 


2.21 ' 


0.78 


9 318 


'> A l 


3 56 


4.67 


D.90 


9.15 


2.24 


0. /9 


9 1/2 


2.51 


3.63 


4.76 


7 flA 


7 • J J 




OioO 


9 DIO 


2.56 


3.70 


4.85 


7 1 H 






AO! 

0.81 


9 3/4 


2:61 


3.77 


4.95 


7^1 


7.07 


L . JO 


0.82 


9 13/16 


2.66 




b".04 


7.45 


9;87 


2.42 


0.83 


'9 15/16 


2 71 


3 92 


5.14 


7.59 


10.05 


2.46 


0.84 


10 1/16 


2.77 


3.99 


5,23 


7 - 7'^ 




mJ i 


A be 

0.85 


1/1 "3 / 1 £ 

lU 3/lo 


2.82 


4.07 


5.33 


7 87 


in 4? 




A O ^ 

0.8d 


10 D/ lb 


2:87 


4.14 


5.43 




in f^n 


? '',(1 


0.87 


10 7/16 


2.93 


4,22 


5-M 


8,15 


10:79 


2.64 


0.88 


10 Q/16 


2.98 


4.29 


5.62 


8.30 


10.96 


2.69 


0.89 


10 11/16 


3.04 


4.37 


5.72 


8.44 


11.17 


2.72 
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TABLE IV (Continuedi - Flow Oifer CipoUetti Weirs in Cubic Feet psi^Seto ntl- 



Head 
in ft; 


Head 
in inches 


. _ 


Crast 1 


ength (L) 






For each 
additional 
foot ot crc^i 
in excess < 
of 4 ft. 
(approx;) 


1.0 foot 


1,5 feet 


2.0 feet 


3.0 feet 


4,0 feet 


approx. 














Flow in cubic feet per scccnd 


o.?o 


IC 13/16 


3.09 


4.45 




8.59 


11.36 


_ — 
2.77 


0. Vi 


lU iJ 1 10 


V • ID 


4,53 


5.92 


8.73 


11.55 


2.82 


0.92 


11 1/16 


3.20 


A - L f\ 


D .tit. 


0 . 00 


11.74 


2.87 


0.93 


11 3/16 


3.26 


4, 00 


0 » * -> 


7 . U J 


n.94 


2.91 


0.94 


11 i/4 ' 


3.32 


4. fO 


0 . LJ 


Q 17 


12.13 


2.96 


0.95 


11 3/8 


3 37 


4.84 


6.33 


9.32 


12.33 


3.00 


0.96 


11 lit 




4.92 


6.44 


9.48 


12,53 


3.05 


0.97 


11 5/8 


^.49 


5 • DO 


D • J3 




12.72 


3.10 


e 98 


11 3/4 


3.55 






Q78 


12.92 


3.14 


0 J«) 


11 7/8 


3.6i 






9 93 

7 • 7 J 


13.12 


' 3.19 


i.Od 


12 


3.67 


5.25 


6.86 


10.08 


13.32 


3.24 


1 n 1 

1 .01 


16 1/0 




5.33 


6.96 


10.24 


13.53 


3.29 •' 


1,02 


12 1/4 


_ - ^ - 


5.42 


7.67 


10.40 


13.73 


3.34 


i.03 


12 3/8 





5.50 


7.18 


10.55 


13.94 


3.38 


1.04 


12 1/2 





5.59 


7.29 " 


10.71 


14.15 


3.43 


i.05 


12 5/8 





5,67 


7.40 


10.87 


14, 3£ 


3.48 


1 ,UD 






5.76 


7.51 


11,03 


14.56 


3.53 


1.07 


12 13/16 




5.o4 


7.62 


11.18 


14.76 


3.58 


1.08 


12 15/16 




5.93 


7.73 


11.35 


14.98 


3.63 


1.09 


13 1/16 




6.02 


7.84 

1 i-CH^ 1 


11.51 


15.19 


3.68 
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. Flow Over Cipolletti Weirs iri Cubic Feet per Second 



Head 
iri ft. ' 

"H" 


Head 
in inches 


Crest length (t) 


1.0 foot 


1;5 feet 


2.0 feet 


3.0^feet 


4.0 feet 


approx. 


Flow iri cubi 


c feet per second 




Lie ■ 


13 3/16 




A 1 1 

0 , I i 


7 ^k 


11 68 


.15.41 


1.11 


13 5/16 


« . * * 


6.2G 


8.07 


11.84 


15.62 ■: 


1.12 


13 7/i6 




6.29 


- 8.18 


12.00 


15.84 


1.13 


13 9/16 




0 . J 1 


8 2Q 


12 16 


16.04 


1.14 


13 11/16 






0 • *T 1 


12-33 


16.26 


1.15 


13 13/16 






8 53 


12 50 


16.48 


1.16 


13 15/16 


- ^ ^ - 


6.65 


8.65 


12.67 


16". 70 


1.17 


14 1/16 







8.76 


12.84 


16.93 


1.18- 


14 3/16 








13 01 


17.15 


1.19 


14 1/4 




0 • /-J 


Q -06 


13.18 


17.37 


1.20 


14 3/8 




7 fi? 


Q 1? 


13 35 


17.59 


1.21 


14 1/2 - 


_ _ ^ ^ 


7.11 


9.24- 


13.52 


17.81 


1 .22 : 


14 5/8 




7.20 


9.36 


13.69 


18.03 


1.23 


14 3/4 




7.30 


9.48 


13.87 


18.27 


1.24 


14 7/8 




• 7.40 


9.60 


14.04 


18.49 


1.25 ■ 


15 




7.49 


9.72 


14.21 


18.71, 


1.26 


15 1/8 








14.39 


18.95 


1.27 


15 1/4 








14.56 


19.17 


1.28 


15 3/8 






1 ^ ^ ^ tm 


14.74 


19.41 


1.29 


15 1/2 








14.92 


19.65 



For each 
additional 
foot of crest 
in- excess 

of 4 ft; 
(ap prbx.) 

3.74 
3.79 
3.84 
3.88 
3.94 

3.98 l 
4.03 " 
4.08 
4.14 
4.19 

4.24 
4.29 
4.34 
4.40 
4.46 

4.51 
4.57 
4.62 
4.67 
4.73 



ERIC 



TABLE IV i(.:ontimir(fi - Flow Over Cipolletti VVcirs'iri Cu^cXaet per SecQriij 



Hfiad 
in ft. 


Head 

in inches 


Crest length 1L) 


For each 
additibhal 
foot of cres 


1,0 foot 


1.5 feet 


2.0 feet 


3.0 feet 


4.0 feet 


"R" 


approx. 












in excess 
of 4 ft. 

- 

(appfox.) 


Flow in cubic feet per second 


i.30 ■ 

i.33 
1.34 


.y 15 5/8 
15 3/4- ■ 
15 13/16 

15 15/16 

16 1/16 


■« B ^ «b 

t 

w ^ tf^ 

« ^ 


i 

— 




b ^ 

j 


15.11 

15.46 
i5.64 
15.82 


19.88 

20.34 
20.58 
20.82 


4;78 
4.82 
4.88 
4.94 
4.99 


1;35 
1.3b ■ 
1.37 ~ 
1.38 
1.39 


16 3/16 
16 5/16 
16 7/16 
16 9/i6 
16 11/16 








l6.ei 

ID . 1 7 

^ 16,37 
' 16.57 
16.75 


. 21:06 

21.53 
21.78 
22.02 


- ' 5.05 
5.10 
5.16 
5.22 
5.28 


1.40 
1.4i 
1.42 

■ l.« 

0 1.44 


16 13/16 

16 15/16 

17 1/16 
17 3/16 
17 1/4 


•* M ^ 





l^ 


16,94 

17 1 

17.31 

1 7 m ' 

17.70 


22.27 

'22,75 
?3 fil 

23.26 


5.33 
5.39 
5.44 
5.50 
5.55 


1.45 
1.46 : 
1.47 
1:48 
1.49 


17 3/8 
17 1/2 
17 5/8 
17 3/4 
■17 7/8 


■* *^ i* *« 




m 


17.89 
18.08 
18,28 
18.47 

18.66 


23.50 
23.75 
24.01 
■24.26 
24.50 


5.62 
•5.67 
• 5.73 

5.79 ' 
. 5.34 


1.50 


18 


— 






18.85 


24.75 


5.91 
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r»f^l wMi-f, Mu> I^'.ict- (orvfs w:s?^ crootCHl, r»->ro than B(.),0(Hi U.S. citizens havi- nt-r-^i'd 

CT--ll.-.^;ut-s .^nd ^o~^^>r•kt-^s^ T:>iay (hUOC) PCVs are_i nvolwi^i in prrvjrart^ dt^^iqr>*Mi 
-u n;'rhjt..N<^n loc-^l ca[v^cUy to .v1v.1ress such .fund^inentai crx^ 
•., ! I. (i, w,ii,T sij;pl-y/ orH-r(_rr' ^-k-vr 1 o; ft .'nr. ; nutritirMi drxl he^iith cniucat ion and 
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S.I : : H-'i 



• Hrx 71)7 



177 Jalan Ra^a Muda 
Kuala Lurpur 

MAJ.I 

BP 85 



MAI I]vIT.^.N!A 



P.O. B^^\..3J^ 
Islands 



c .Ant' r Iran F>^*as5^ 
Asuncion 



PHII.IPFK^t:S . 



Mani la 



c/n ArTeric:^n F>Tha?sy 
Kigal i 

SENtGAL 
BP 2534 
Dakar 

Victoria 



Fref't< vn 

P.<.>, ^V)X 54 7 
hori lara 



•r ^\;:ANiA 

rVi r e.^ Sa laan 



T]jAI_LANn 

Pet^-hhuri Rrv^r: 
Han^jkok 4 

bP 'U^4 



BP 14"^ 
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